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ABSTRACT
In eastern Missouri, southeastern Iowa, and western Illinois e
a transition zone, a body of rock consisting of several lithosomes
which has a geographic extent measured in scores to hundreds of miles
and which lies between a single overlying formation and a single
underlying formation and which has lithologic and/or paleontologic
properties common to both the overlying and the underlying formations,
was found to exist between the St. Louis and the Ste. Genevieve formations.

This transition zone is called the St. Louis-Ste. Genevieve

Transition Zone, and is shown to possibly be due to continuous deposition between these two times and a transitional or alternating environment.

It is believed that these conditions existed in Late Meramec-

ian times in the study area alternating between a near-shore environment that deposited the Ste. Genevieve-like arenaceous oo- and biosparites and a far-shore environment that deposited the St. Louislike lithographic to sublithographic micrites and biomicrites.

The

geographic extent of the depressed Transition Zone is postulated to
range from just north of Ste. Genevieve, Missouri, northwestward into
southeastern Iowa.

The distribution is probably the result of a bird-

foot delta to the northeast, the prevailing winds, and sediment-carrying currents that moved the sediments contributed by the major river
system(s) that built-up such a delta.
It is suggested that if the Transition Zone becomes recognized
widely enough that it be given formal status and termed the Alton
Member and assigned to the St. Louis Formation.
locality in Alton, Illinois, is included.

A suggested type-
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CHAPTER I
INTRODUCTION
To any geologist who has studied the geologic map of the United
States the reasons for giving the name "The Mississippian System" to
the rocks that make up that system should be immediately obvious.

Up

and down the Mississippi River, north of the Tertiary Gulf Embayment
to the north where the Des Moines River reaches the Mississippi,
rocks that belong to the Mississippian System are exposed.

These

ancient rocks were exposed by the down cutting of that mighty river.
From the Missouri River north to the Des Moines River the Mississippi flows across the crest of a saddle formed by the geological
basins, domes, and archs in the Mid-continent Area of North America.
The ridge of that saddle, the Mississippi River Arch, runs from a
stratigraphic "high" in Wisconsin where it is upheld by the North
American Shield southward to the Ozark Dome in southeastern Missouri.
To the east the Illinois Basin and to the west the Forest City Basin
contain the sediments of younger seas.
All is not so simple, however.

Flexures, folds, and faults of

arching and subsiding basins have brought even older rocks to the surface causing the upthrown Mississippian rock to be eroded in places.
The results are patches of Mississippian rock.
between the Missouri and the Des Moines Rivers.

One such place lies
From just north of

St. Louis, Missouri, where the Illinois River empties into the Mississippi northward to Hannibal, Missouri, Mark Twain•s home town, the
rock on this portion of the arch has been flexed up as a part of
the structural adjustment on the west side of the Illinois Basin so
that today Ordovician, Silurian, and Devonian rocks are exposed.
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Immediately south of this flexure, the Cap au

Gr~s

Flexure, the Mis-

sissippian rocks remain essentially undeformed and form the bed rock
upon which the Mississippi River is presently flowing.

North of the

area now occupied by older rocks, the Mississippian System is again
brought to the surface so that most of the northeastern corner of
Missouri above Hannibal is underlain by rocks of Mississippian age.

On the western side of the Mississippi River the uppermost Mississippian rocks are those of the Meramecian Series; more specifically
these are the Ste. Genevieve, St. Louis, Salem, and warsaw formations.
In the upper part of this series, the Ste. Genevieve and St. Louis
formations have traditionally been perplexing formations for stratigraphers.

Originally this entire upper Meramecian Series was entitled

the St. Louis Formation but because of a distinctive difference, the
upper part of this St. Louis formation in the vicinity of Ste. Genevieve,
Missouri, where this rock was quarried for building stone, was renamed
the Ste. Geneveive Formation.
Unfortunately, no type section for the St. Louis Formation was
ever defined, nor was any clear boundary between the St. Louis and
the Ste. Genevieve formations ever specified.

Therefore, modern geo-

logists, stratigraphers, and paleontologists have been forced to develop a unique system for naming the rock formations of this period.
Today there exists a St. Louis Formation, a Ste. Genevieve Formation, and, informally, a St. Louis-Ste. Genevieve Transition Zone.
This transition zone measures in places up to 50 feet in thickness,
however, in other places the "transition" between the St. Louis
and the Ste. Genevieve formations is abrupt if not unconformable.
These conditions have led to the examination of the areal extent of

3

the formations involved and a study of the true nature of this formational "transition/boundary".
Before terminating this introduction this author would like to
point out that there has been a fairly large amount of criticism by
geologists for the choices of names used to subdivide the European
Carboniferous System.

This especially is true of the name "Missis-

sippian" used for that system.

This name has been accused of misre-

presenting the region of outcrops (state rather than river valley),
and of being clumsy and difficult to spell and pronounce when translated into other languages.

It should be pointed out though that the

origin of the word is from American Indian sources and means "Father
of Waters".

Probably few other phrases could be found that so aptly

describe the period of time that is the referent of the word.

The Mis-

sissippian Period was the first period that marine life developed prolifically and the genetic term "Father" well applies to this period.
A.

Purpose of Investigation
Involvement with the upper Meramecian developed into a variety of

projects and problems, and those settled upon for this thesis are
listed below.

At the conclusion of this thesis there will appear a

list of potential unsolved problems in the upper Meramecian that still
persist and need additional research.
The primary composite purpose of this thesis and to which all other
problems are secondary is to examine and attempt to describe and resolve as much as possible the St. Louis-Ste. Genevieve Boundary problem.

By measuring and sampling those formations in the areas where the

nature of the boundary fluctuates widely it is hoped that a better
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understanding may be obtained.

The contributory purposes are as

follows:
1.

To compile from well logs and literature the distribution of

the St. Louis and the Ste. Genevieve formations.
2.

To study and describe the petrology of the St. Louis-Ste.

Genevieve Transition Zone.
3.

To discover the paleoenvironmental factors that might give

rise to a transition zone such as found between the St. Louis and the
Ste. Genevieve formations.
B.

Location
The study area is in northern and eastern Missouri where the

upper Meramecian occurs both in surface outcrops and in the subsurface.
To accomplish this study, however, it was necessary to examine sections
in Iowa and Illinois as well as in Missouri.
The following map, Figure 1, roughly shows the area of upper
Meramecian outcrop, the area designated as "Study Area", the locations
of sections measured both in quarries and natural exposures, and the
locations of wells from which samples were taken,
ued

logged, and catalog-

with the Missouri Geological Survey.
Notice on the figure that all of the sections available for

measurement are along the Mississippi Valley Arch trending
northwest-southeast.

The northern and westernmost section measured

was exposed in the VanZee New Durham Quarry six miles south of Pella,
Iowa.

To the south the southernmost quarry was the Eyermann Quarry

in south St. Louis, Missouri, although sections measured farther south
in the Ste. Genevieve type area are used to demonstrate the nature
of the section in that part of the state.

The easternmost section
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Fig. 1.

Map showing Study Area and the Approximate Area of Upper
Meramecian Outcrop
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measured was in the Missouri Portland Cement Company's Fort Bellefontaine ruarry north of St. Louis, Missouri.

Here, too, a section 6

miles north, across the Missouri and Mississippi rivers, is exposed
on the bluffs west of Alton, Illinois, and was published earlier by
C. W. Collinson.

This section is well-exposed showing the St. Louis-

Ste. Genevieve Transition Zone and has been used to demonstrate the same.
In all, twelve measured sections have been used; nine from both
operating and abandoned quarries, one from a natural exposure, one
from an interstate road cut, and one previously published section.
Along with these sections hundreds of well logs in Missouri and Illinois have been examined, but only those logs that clearly show the
lithologies involved and that penetrate entirely through the St.
Louis Formation have been used.
All of the sections examined have been easily accessible and those
sections in operating quarries have graciously been made available
by their operators for this study.
It is hoped that the reader does not assume that the herein mentioned thesis extent, either on the surface or in the subsurface,
represents the total extent of the St. Louis and the Ste. Genevieve
formations.

This thesis is attempting to examine only a small part

of the total problem of Carboniferous sedimentation in North America.
C.

Upper Meramecian Nomenclature
Several rather ambiguous and nonconforming sets of nomenclature

are in use for the upper Meramecian strata in the Mississippi Valley.
One might think that in this day and age when correlations across wide
areas can be accomplished with a high degree of validity the need
and appearance of "State-Line Faults" and "State-Line Formation Boun-

7

daries" would vanish.

But alas, geologists are evidently as vain and

prejudiced as anyone else and prefer to retain the stratigraphic terminology that is most representative of their states.

Within the

Illinois-Iowa-Missouri Tri-state area the upper Meramecian provides
an excellent example of this situation.
The following diagram, Figure 2, gives the various accepted composite upper Meramecian stratigraphic columns for those states named.
Notice the variety of terminology for series,

sta~es,

and formations,

as well as spelling differences.
In this paper the term "upper Meramecian" refers to the St. Louis
and the Ste. Genevieve formations which encompass the two younger formations of the Meramecian Series.

The spelling of "Meramecian" follows

the Missouri usage where the "i" is included as it should be rather
than dropped simply to ''make pronunciation easier".
The names "St. Louis Formation" and "Ste. Genevieve Formation"
refer to strata that exclusively conform to the lithological and
paleontological requirements that make-up those particular beds.

The

name "St. Louis-Ste. Genevieve Transition Zone" has for a referent
strata which comprise the lithological and paleontological characteristics of both the St. Louis Formation and the Ste. Genevieve Formation.
The series in the Upper Valmeyeran in Illinois, the Genevievian
Series, is not recognized in Missouri nor in this paper, although the
term "Genevievian Sea" does, in this author's opinion, refer to the
sea that deposited the Late Meramecian strata.
The name used in Iowa for the Ste. Genevieve Formation, the Pella
Formation, is based on the similarity of correlatable strata in northeastern Missouri, and is, therefore, undesirable.

Further, the name
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"Ste. Genevieve" predates the usage of the name "Pella".
At any rate the differences in geologic nomenclature can be compared to the changes in symbols used by mathematicians in various
functions.

Replacing one symbol with another does nothing to change

the mathematical operations or validity of that function.

It does,

however, hamper established communications in the mathematical world.
In a similar way name changes of strata across state-lines do nothing
to change the nature of the underlying rock but it does hamper communications especially where laymen who depend on geologists are concerned.

In this respect it would be considered a boon by all if no-

menclatural differences and differences in defining stratigraphic
boundaries between adjacent political units would become a tradition
of the past.
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CHAPTER II
DISTRIBUTION OF THE UPPER MERAMECIAN IN NORTHERN MISSOURI
A.

The Mississippian in Missouri
Mississippian rocks are widely exposed in the northeastern, cen-

tral, and southwestern parts of Missouri.
are represented in the state.
Meramecian, and Chesterian.

All series in the Mississippian

These are the Kinderhookian, Osagian,
A definite erosional unconformity forms

the Upper Mississippian boundary in Missouri.

The break is especially

pronounced in the northern half of the state where middle Pennsylvanian
strata lie on pre-Chesterian rock.
In northeastern Missouri the Mississippian System is represented
by eight formations which are assigned to the lower three series as
follows:
Meramecian Series
Ste. Genevieve Formation
St. Louis Formation
Salem Formation
warsaw Formation
Osagian Series
Keokuk Formation
Burlington Formation
Kinderhookian Series
Chouteau Group (undifferentiated)
Hannibal Formation
Except for the Hannibal Formation which is composed of shale and siltstone, the system in this part of the state is made up of carbonate
rock and minor amounts of

~bert,

shale and sandstone.

Chert is not
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common but does occur in all the formations.
All four of the Meramecian formations are present in east-central
Missouri which is

regarded as the type area of the St. Louis and Ste.

Genevieve formations.

The Warsaw and Salem formations are the only

formations of this series that have been definitely identified in
central Missouri.

In the southwestern part of the state.the presence

of the Warsaw and St. Louis formations has been established, but not
that of the Salem whose presence is only tentatively recognized.

The

maximum thickness of the unit is in ea3t-central Missouri where it is
between 300 and 450 feet thick.
150 feet.

The series thins northward to about

In central and southwestern Missouri where the series is

incomplete, the thickness ranges from 60 feet in central Missouri
to 185 feet in southwestern Missouri.
The Meramecian is unconformably overlain by the Chesterian Series.
Where the former is present, in the subsurface in northwestern Missouri,
the Chesterian Series is absent and the remnants of the Meramecian are
directly overlain by Pennsylvanian strata.
1.

The Upper Meramecian in Northern Missouri
In this paper the upper Meramecian refers to the upper two car-

bonate formations of the Meramecian Series:

the St. Louis Formation

and the Ste. Genevieve Formation.
The St. Louis Formation attains its fullest expression within
Missouri in its type area in St. Louis County and in the adjacent parts
of east-central and southeastern Missouri.

Here the formation is a

gray litholographic to finely crystalline, medium to massively bedded
limestone, which is more than 100 feet thick.

Limestone breccia is

common in the lower part of the formation, but is not necessarily con-
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fined to that part.
breccia.

Shale occurs as a matrix between the blocks of

Blue and bluish gray shale also forms thin beds throughout

the formation and increases in abundance toward the northeastern part
of the state.

Chert is not common but where it is present it is

usually brown and in the form of small nodular fragments.

Parts of the

formation are locally dolomitic.
The corals Lithostrotionella and Lithostrotion are considered to
be diagnostic, and the tabulate coral Syringopora is common.

Per-

centages of insoluble residue that can be extracted from the St. Louis
are relatively low.

The residue from the lower part of the formation

generally contains euhedral quartz crystals less than one millimeter
in size.

Gray to tan quartzose chert rosettes are also common residue

constituents.
The thickness of the St. Louis Formation in northeastern Missouri
is generally less than 50 feet.
in southwestern Missouri.

The formation is about 50 feet thick

In the subsurface in northwestern Missouri

where the formation is a finely crystalline lithographic limestone with
some interbedded granular and oolitic limestone, its thickness varies
from 0 to approximately 35 feet.

The formation's absence in this area

is the result of post-Meramecian erosion.
The limestone from the St. Louis Formation is quarried in the St.
Louis area for cement manufacture and aggregate, and in northeastern
and southwestern Missouri the limestone is used for agstone and road
metal.
In the northeastern part of the state the St. Louis Formation
outcrops are covered with glacial drift and loess, but in quarries
where it has been exposed the formation correlates with the St. Louis
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rock in natural outcrops and in quarries further south in St. Louis
County.

Moving westward from the northeastern part of the state the

St. Louis Formation dips rapidly into the subsurface.

There are areas

where pre-Pennsylvanian erosion has cut through the overlying Ste.
Genevieve Formation and into the St. Louis Formation.
formation pinches out.

Southward the

In southeastern and south-central Iowa the St.

Louis Formation is again exposed mainly in quarries where valuable lime
is sought economically and again is similar in lithology and faunal
content with the limestone in the southern part of Missouri.

Electric

log information from the Illinois Geological Survey indicates that
the St. Louis consistently extends into scattered areas in western
Illinois.

The St. Louis Formation is also exposed in Calhoun County,

Illinois, where the Missouri River has carved vertical bluffs of the
rock, exposing large stratigraphic sections in the southern portion of
that county.
The Ste. Genevieve Formation is typically developed in the eastcentral and southeastern parts of Missouri in Ste. Genevieve and St.
Louis counties.

It is also present in adjacent parts of Illinois and

Kentucky where it is subdivided into members.

Within the Missouri area

the formation is a white massive-bedded, sandy, clastic limestone.

It

is generally coarsely crystalline and oolitici but does contain a few
beds of fine crystalline limestone.

The lower part of the formation is

white to light tan or light olive-gray in color, and predominantly
cross-bedded.

Lenses and clusters of algal material are present in this

part of the formation in regularly bedded strata.

Above the cross-

bedded unit and near the middle of the formation there are some layers
of red chert as well as lenses and beds of sandstone which occur lo-
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cally.

The lithology of this formation changes rapidly laterally mak-

ing it difficult to trace individual units.

Certain beds contain

notable amounts of limonite which line small cavities in the rock.

In

the upper part of the formation various shades of yellow, green, and
purple have been noted, yet the upper portion of the St. Genevieve
in the northeastern part of the state is probably missing due to prePennsylvanian erosion.

The percentage of insoluble residues that can

be extracted from the Ste. Genevieve Formation in this area is relatively low.

The residue contains a proportionally large amount of

pink-gray and bluish chert with quartz, sand, and silicified oolites.
Fossils are irregularly distributed throughout the Ste. Genevieve
in the eastern and central parts of Missouri.

The best preserved

forms are present above the cross-bedded part of the formation.

The

brachiopod Pugnoides and the very large gastropod Bellerophon are
commonly present in the formation in this area.
The average thickness of the Ste. Genevieve in the type area of
southeastern Missouri is 85 feet, maximum being less than 100 feet.
The thickness in St. Louis County is 30 feet.

There is a disconfor-

mable contact between the Ste. Genevieve and the underlying St. Louis
Formation with a basal conglomerate being present in numerous places.
This unconformity extends through the northeastern part of Missouri
to the southeastern part of Iowa.

A significant pre-Chesterian erosion

surface marks the top of the formation.

In the St. Louis area the

formation is overlain either by the Pennsylvanian System or by Pleistocene deposits.
In the extreme northeastern part of the state, in Lewis and Clark
counties, a massive cross-bedded limestone which is one to four feet
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thick containing fragments of chert and lithographic limestone has been
identified as Ste. Genevieve.

In adjacent parts of southeastern Iowa

a similar sandstone is overlain by a finely crystalline limestone called
the "Pella beds" or the Pella Formation after the type area near Pella,
Iowa.

This has been correlated with the type Ste. Genevieve in south-

eastern Missouri.

The contact of this limestone with the underlying

St. Louis Formation is gradational in some places, disconformable in
some places, and interfingering in others.
In the subsurface in northeastern Missouri the Ste. Genevieve
is a light colored oolitic to argillaceous limestone.

Scattered wells

have encountered as much as 35 feet of sub-angular fine to mediumgrained limestone.

In the upper part of the formation the maximum re-

corded thickness in the area is approximately 70 feet.

Just as the sub-

surface St. Louis Formation shows evidence of erosion, the Ste. Genevieve, which overlies the St. Louis, has been still more affected by
this post-Meramecian erosion.

The subsurface Ste. Genevieve has been

well eroded, exposing the St. Louis in many places.
2.

Historical Background
The limestone bluffs bordering the Mississippi and Missouri rivers

have been a major attraction in Missouri since they were mentioned in
the early writings of explorers as far back as 1793.

In 1819 Edwin

James, a geologist on a government expedition,identified the limestone
below St. Louis on the Mississippi River as Carboniferous limestone.
Interest in the limestone bluffs was increased in 1822 when a
"fossil human footprint" was found in the limestone at St. Louis.
footprint was heatedly discussed among scientists.

This

Some claimed that

it was "made by the Savior after landing on the Mississippi for a
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missionary voyage."

(Moore, 1928, p. 11).

In 1834 the Federal Government authorized G.

w.

Featherstonhaugh

to make a mineralogical and geological survey of the Ozarks.

His report

mentioned the wide distribution of the Carboniferous limestone in the
Mississippi Valley and a geological cross section across Missouri shows
this limestone exposed across the entire state (Moore, 1928, p. 11).
The first reference to the St. Louis Limestone appears in 1847
in Vol. 3, Series 2 of the American Journal of Science and Arts in an
article by G. Engelmann.

The article is entitled "Remarks on the St.

Louis Limestone" and it is a cormnunication for the Journal sandwiched
between other communications; one on

the Mississippi Delta by Charles

Lyell and the other on the cause of the absence of ancient marine
formations in certain regions by Charles Darwin.

Englemann said,

The St. Louis Limestone underlies the western edge of
the great Illinois coal field ••• (it) forms the uppermost bed
of the Carboniferous on the Mississippi.
In some strata it
.!2_ ~E.!..!~ oolitic, and the large bankS of the beautiful
white oolite near Ste. Genevieve, which is worked there and
frequentlr send down the river.
(Italicslmine).
(Engelmann,
1847, p. 119).
Then, in 1860, B. F. Shumard published in Transactions of the
Academy of Science of St. Louis a communication entitled "Observations
on the Geology of the County of Ste. Genevieve, being an Extract from
a Report Made to the Missouri Geological Survey in 1859."

The commu-

nication was made to the academy with the permission of Professor G. C.
Swallow, Missouri's first State Geologist.

In the communication,

Shumard, under "Lower Carboniferous or Mountain Limestone" writes,
Immediately beneath the ferruginous sandstone, we have
a second Archimedes limestone which, for the sake of convenience, we may designate as the Ste. Genevieve Limestone.
(This group is well displayed on the Illinois side, a short
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distance above Prairie du Rocher, where it was first recognized by my colleague, Dr. J. G. Norwood, with whom I visited
the locality last summer. During our visit, we collected
from these beds an interesting suite of fossils, some of which
prove to be new, others are species of the Kaskaskia Limestone,
but most of them are identical with forms that occur in the
2nd Archimedes or Warsaw Limestone of Professor Hall's section.
Among the species which have been recognized by us in these
beds, we may mention Rhynchonella, Spirigera, Retzia, Spiriferina, Spirifera, Productus, Murchisonia, Pentremites, and
one or more species of Archimedipora.
We have likewise recognized these strata on the Illinois
shore, below the mouth of Mary's River, where they contain a
large Pentremite, (sic) which has been described by Mr. S. S.
Lyon of the Kentucky Survey.)
This member (the Ste. Genevieve Limestone) has been
observed reposing on the St. Louis Limestone at several points
It is very analogous,
in the county under examination.
occurring, however, in thick beds, and the inferior part
shades almost imperceptibly into the St. Louis Limestone.
It is exhibited in the bluffs of the Mississippi, commencing
a mile or two below Ste. Genevieve, and from thence extends
almost uninterruptedly to the mouth of Aux Vases Creek, receiving, at several points, a capping of Ferruginous Sandstone.
The St. Louis Limestone, which next succeeds, is not as
well developed as in St. Louis County, and it also differs
It is this rock that forms
somewhat in physical characters.
the bluffs along the gravel road above Ste. Genevieve, and
those of the Mississippi, till we get about three miles above
(Shumard, 1860, p. 404).
town.
Shumard, then, named the Ste. Genevieve Formation and hinted at the
problem of defining the St. Louis-Ste. Genevieve boundary.

Shumard,

however, included some of the St. Louis in the Ste. Genevieve, and
E. 0. Ulrich, writing in 1905 for the U.S. Geological Survey, restricted
the formation as the name is now used.

The year prior, in 1904, Ulrich,

writing in Vol. 2, Series 2, of the Bulletin of the Missouri Bureau of
Geology and Mines, named a new major time-stratigraphic division of the
Mississippian, the Meramecian.

This series had its lower boundary

in commonest usage corresponding to the base of the Warsaw and its
top generally placed at the top of the St. Louis.

Since 1937, however,

this top has consistently included the Ste. Genevieve Formation.

He
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named this series for the Meramec Highlands in the western part of St.
Louis County, Missouri.
It should also be pointed out that Ulrich believed that the Ste.
Genevieve Formation was "more closely related to the Chester Group than
to the underlying St. Louis Limestone."

(Ulrich, 1904, p. 109).

Then in 1915 a great stride was made when

s.

Weller and F. M. Van

Tuyl publishing in the Proceedings of the Iowa Academy of Science an
article entitled "The Ste. Genevieve Formation and its Stratigraphic
Relations in Southeastern Iowa" in which beds of variable lithology,
called "Pella Beds" were correlated on the basis of fauna with the Ste.
They say,

Genevieve.

A comparison of these Iowa collections with those which
have been made from the typical exposures of the Ste. Genevieve Limestone in Ste. Genevieve County, Missouri, and from
exposures in Monroe County, Illinois, demonstrates the identity of the faunas ••• As in Iowa, so in Illinois and Missouri,
Pugnoides ottumwa is the most persistent index fossil of the
fauna, and on the basis of these faunal resemblances the
correlation of the Pella Beds of Iowa with the Ste. Genevieve
Limestone may be considered as being fully established.
(Weller, 1915, p. 241).
In this article the authors used the terms "Pella Beds" and "Ste.
Genevieve Limestone" interchangeably.
In 1928, R.

c.

Moore, in'tarly Mississippian Formations in Missouri",

Vol. 21, Series 2, of the Missouri Bureau of Geology and Mines Bulletin
recognized the Ste. Genevieve as belonging to a separate series in the
system.

He gave the following "Classification of the Mississippian

Formations":
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Chester Group ••.•••••••••••.•••• Several Formations
Ste. Genevieve Group .••••••••••• Ste. Genevieve Limestone
St. Louis Limestone
L"
Meramec Group ••.••.••.•••••••••{ S
pergen 1mestone
Warsaw Limestone
Keokuk Limestone
Osage Group ••·••••••••••••••••• Burlington Limestone
{
Local Formations
Kinderhook Group •••••.•••••••••• Local Formations
(Moore, 1928, p. 11).
Then a controversy arose.

In 1934, C. R. Keyes writing in The

Pan-American Geologist discussed "The Ste. Genevieve Limestone of Iowa".
Recent proposals to extend Shumard's Missouri title of
Ste. Genevieve Limestone to Iowa rocks seems at the present
date quite infelicitous ••• The set of strata at the two widely
separated localities are obviously altogether different terranal bodies.
In strong contrast to the clear-cut unit of massive
oolitic cross-bedded limestone, Ste. Genevieve Limestone is
the shale bed of Iowa which it is proposed to identify with
The very fact that in Iowa
the far-away Missouri formation.
and a locally different
terrane
there is a different lithologic
mappable unit, inhibits the section from being considered
as in direct continuity with the typical Ste. Genevieve, and
entitles this shale body to be especially christened by a
name of its own. This title it is already in possession of,
in the form of Pella Shales of Bain (American Geologist,
Vol. 25, 1895), long before the Missouri name was ever
(Keyes, 1934, p. 215).
thought of for it.
Accordingly, Keyes thought,
The St. Louis Limestone at the time of its deposition
appears to represent the farther-most northwestern extension
Ste. Genevieve oolite seems to
of Early Carbonic seas.
have been the deposit of retreating waters, speedily followed
by advance as recorded in the Aux Vases Sandstone. The Ste.
Genevieve Limestone body probably never extended northward
much beyond the mouth of the Missouri River ••• In Iowa region
the St. Louis Limestone already had become a land area subject to the ravages of wind, river, and rain, when the Ste.
(Keyes, 1934, p.
Genevieve Limestone was being laid down.
218).
Keyes' position can well be appreciated since there indeed is a
lithologic difference between the southeastern Missouri Ste. Genevieve
and those controversial beds in Iowa.

This was vividly pointed out to
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this author by Dr. A. C. Spreng on a visit to the type locality of the
Pella Formation near Pella, Iowa.

Writing then, in 1938, and based on

the conclusions drawn above, Keyes writes again in The Pan-American
Geologist,
The Pella Shales, either reclining directly upon the
Louis Limestone as in Iowa, or upon the Genevieve oolite,
as in Missouri, must now be regarded as a distinct and
valid geological formation ••• The now isolated patches of the
shale surmounting the Louis Limestone in Iowa are all but
vanquished vestiges of a one-time great geosynclinal centrum
of deposition.
This isolated patch of shales developed, under the light
of a normal major sedimental cycle, into a great geosynclinal
centrum, a mile or more in vertical measurement.
(Keyes,
1938, p. 309).
Keyes would then develop the following system to describe his
"great geosynclinal centrum":
Carbonic System
Oshawanan Series
Undifferentiated Shales
Kaskaskia Limestone
Aux Vases Sandstone
Chartesan Series
Pella Shale
Genevieve Oolites
Louis Limestone
Spergen Limestone
Mississippian Series
Warsaw Shale
Keokuk Limestone
Burlington Limestone
Chouteau Limestone
Devonic System
Kinderhookian Series
(Keyes, 1938, p. 299).
The lower part of Keyes section is yet another story involving the
Grassy Creek Shale, the Bushberg Sandstone, and the Chattanooga Shale.
This confusing situation may have continued for many years had it
not been for a new development.

In 1939, H. A. Buehler presented the

Missouri Geological Survey and Water Resources Biennial Report of the
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State Geologist to the Sixtieth Missouri General Assembly.

In this

report J. G. Grohskopf described ''Subsurface Geology of Northeastern
Missouri" where he recognized and identified the Ste. Genevieve Formation.

He says, "The Ste. Genevieve has been recognized in the sub-

surface in northwestern Missouri.

In Lewis and Clark counties the

uppermost Mississippian contains sandy, fossiliferous, oolitic limestone beds."

(Grohskopf, 1939, p. 17).

Needless to say this was

strikingly at variance with the "shale" beds that Keyes reported immediately north on the Iowa side of the State-Line.
Meanwhile, in Kansas, in 1940, Wallace Lee was preparing a report
on "Subsurface Mississippian Rocks of Kansas" for the survey in that
state.

Lee who was well acquainted with the Missouri section, having

worked for the Missouri Geological Survey, felt that evidence of Ste.
Genevieve was present in southeastern Missouri.

In Kansas he did not

identify any specific Ste. Genevieve but he did describe the upper
Meramecian Watchorn Formation of Kansas and he admitted that this contained "undifferentiated rocks of Spergen, St. Louis and possibly Ste.
Genevieve.!&.!·"

(Italics mine).

(Lee, 1940, p. 8).

By 1943, however, Lee reported in another Kansas Survey Bulletin
entitled The Stratigraphy and Structural Development of the Forest
City Basin in Kansas, that "The Ste. Genevieve Limestone has been
identified in two wells in northeastern Kansas.". (Lee, 1943, p. 77).
He went far beyond this and speculated that "Great areas of the Ste.
Genevieve were undoubtedly stripped from the surface during postMississippian erosion and the small surviving remnants were covered
by Cherokee Shale, the oldest Pennsylvanian rocks."

(Lee, 1943, p. 78).

The recognition of oolitic Ste. Genevieve Limestone in northeastern
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Missouri and the work of Wallace Lee eclipsed the controversial works
of Keyes in the 1930's and set the stage for the accepted stratigraphic
distribution of the Ste. Genevieve that would continue until the present
day.
In 1944 then E. B. Branson published the comprehensive The Geology
of Missouri.

In this work he divided the Mississippian as follows:

Upper Mississippian (equivalent to Chester)
Golconda Formation
Paint Creek Formation
Yankeetown Formation
Renault Formation
Aux Vases Formation
Middle Mississippian
Ste. Genevieve Formation
St. Louis Formation
Warsaw Formation
Keokuk Formation
Burlington Formation
Lower Mississippian
Chouteau Formation
Bushberg Formation
(Branson, 1944).
Unfortunately he did not recognize any Mississippian strata above
the Warsaw in the northeastern part of the state, although he did describe the Ste. Genevieve, and said the following:
The formation is unconformable on the St. Louis and
unconformable with the Aux Vases Sandstone. Through most
of the formation no fossils are present. Near the base is
a bed which contains algae. Most of the fossils that have
been collected come from where Bellerophon is common. In
most places Pugnoides is one of the most abundant fossils •••
The Ste. Genevieve is the youngest Middle Mississippian in
It is a correlative of the Ste. Genevieve of
Missouri.
Illinois, Indiana, and Kentucky, the Pella Beds of Iowa,
the Sacajawea of Wyoming, and par~f the Mayes and lower
(Branson, 1944, p. 255).
(Italics mine).
Caney of Oklahoma.
Following this were two really great pieces of work.
in 1946, Oil and Gas Map 48, by

w.

Lee for the

u.s.

The first was

Geological Survey.

This work showing the structural development of the Forest City Basin
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in Missouri, Kansas, Iowa, and Nebraska isopached the Mississippian and
showed the subsurface erosional remnants of the Ste. Genevieve Formation
in northern Missouri extending from Kansas City to just north of St.
Joseph, essentially paralleling the Missouri River.
The second work was the classical work of the Geological Society
of America subcommittee on the correlation of the Mississippian in
North America headed by J. M. Weller in 1948.

It might have been ori-

ginally hoped that this work would have been accepted as an arbiter for
many of the stratigraphic problems that were pending.

The subcommittee

established a four-fold subdivision of the system that is still essentially accepted throughout the United States (except for the Illinois
Geological Survey), and the subcommittee recognized the strata immediately overlying the St. Louis Limestone in both southeastern Iowa and
southeastern Missouri as the Ste. Genevieve Limestone.

The Iowa

Geological Survey to this day has, however, clung to the use of the
term "Pella Beds" or "Pella Formation" though now the correlation between those "Pella Beds" and the Missouri Ste. Genevieve Formation is
no longer subject to question.
Grohskopf and McCracken, in 1949, mentioned three factors in placement of the St. Louis-Ste. Genevieve contact.

They are:

Appearance of the darker ~'typical" lithographic limestone in the St. Louis Limestone as compared to a lighter
sublithographic limestone, that is to the Ste. Genevieve.
2. Appearance of white to gray chert in the upper St. Louis
Limestone, usually occurring 25 to 30 feet below a gray
quartzose chert in the Ste. Genevieve.
3. Occurrence of beds of dolomite in the uppermost St.
Louis Limestone, 5 to 25 feet in thickness.
(McCracken and Grohskopf, 1949, p. 18).
1.

U.S. Geological Survey Professional Paper 218 on the Geology and
Mineral Resources of the Hardin and Brussels Quadrangles (in Illinois)
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was published in 1952 by W. W. Rubey.

This was a very thorough piece

of work and among other things investigated the geology of the TroyBrussels syncline immediately south of the Cap au

Gr~s

faulted flexure.

Here on the south end of Calhoun County, Rubey found upper Meramecian
strata exposed.

The uppermost upper Meramecian found, however, was

St. Louis Limestone.

He does say,

The Ste. Genevieve Limestone has been recognized at
Alton, Illinois 16 miles east of the Brussels Quadrangle.
Its lithologic character there and elsewhere is similar to
that of some of the beds in the Brussels Quadrangel.
It
therefore seemed not unlikely that the upper part of the St.
Louis Limestone in the Brussels Quadrangle might really
be part of the Ste. Genevieve Limestone.
However, none of
the fossils collected in these upper beds are characteristic
of the Ste. Genevieve, and the entire unit is therefore
referred to as the St. Louis Limestone.
(Rubey, 1952, p. 51).
In 1954 N. M. Short wrote a Master's thesis at Washington University
in St. Louis, Missouri on the Ste. Genevieve Formation at its type
locality, which, as previously stated, is south of St. Louis in Ste.
Genevieve County.
Also in 1954 was published the first of several guidebooks of
field trips over areas where Ste. Genevieve exposures could be observed.
This first guidebook was published for the 39th Annual Convention of
American Association of Petroleum Geologists at St. Louis.

The guide-

book was prepared by C. W. Collinson, D. H. Swann, and H. B. William
and covered the Structure and Paleozoic Stratigraphy Along the Lincoln
Fold in Western Illinois.

Stop 1 of this field trip examined those

Alton Bluffs of which Rubey spoke.

The guidebook statement on the

Ste. Genevieve-St. Louis contact is well worth quoting.
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The difficulties in placing the Ste. Genevieve-St. Louis
boundary ••. are well illustrated at this stop. On this bluff
the contact has been placed by different people at four different points .•• The paleontologic evidence is of little help
in placing the boundary ..• Perhaps the best immediate solution
is~ recognize ••• ~~· Louis-Ste.~n;;reve transition zone.
(Italics mine).
(Collinson, 1954, p. 26).
Later at a section at stop 2, which is at the Cap au
Illinois side of the Illinois River, the guidebook
feet of the section consists of very sandy, coarsely
which may be Ste. Genevieve or may occur
transition zone."

(Italics mine).

~ the~·

Gr~s

Flexure on the

says, "The top 10
oolitic limestone
Louis-Ste. Genevieve

(Collinson, 1954, p. 48).

In 1961 the 26th Regional Field Conference of the Kansas Geological Society led by J. W. Koenig, J. A. Martin, and, again, C. W.
Collinson, was held in St. Louis, Missouri.

In the accompanying guide-

book one of the field trip leaders, A. C. Spreng, describes the Middle
Mississippian Series (Osagian and Meramecian) of northeastern Missouri
where he continues the thought of the preceeding field trip when he says,
At about 130 feet above the base of the St. Louis Formation in Calhoun County, the section becomes oolitic,
glauconitic, sandy, and occasionally brecciated.
Fossils
are very sparce in these beds, but on the basis of lithologic character it has been presumed that this change marks
the base of the Ste. Genevieve Formation although Rubey prefers to keep these beds at the top of the St. Louis.
(Spreng,
1961, p. 153).
In discussing the northeastern part of the state, Spreng

comments on

the correlation of these beds with those in Iowa and comments on the
nomenclature.
In Iowa, the Formation (the Ste. Genevieve) rests disconformably on the St. Louis, sometimes on lower St. Louis
beds. The base is generally a sandstone or calcareous sandstone, usually not more than three feet thick. This is overlain by gray calcareous, often fossiliferous limestone and
fine-grained, gray argillaceous limestone, both of which are
interbedded with gray shale. The limestone beds may reach
15 feet in thickness.
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In northeastern Missouri, less of the section is usually
present. The basal sandstone bed is present and forms a crossbedded white sandstone which disconformably or paraconformably overlies the St. Louis, the top of which is sandy in
Clark County. The sandstone is followed by limestone similar
to that in Iowa, although usually only a few feet are present
in sections south of the Des Moines River.
The beds were originally called the "Pella Beds", but
the similarity of fauna suggested a correlation with the
Ste. Genevieve type area south of St. Louis. Because of the
very uncertain connection between the two areas and the
dissimilarity of the rocks, the original name of the beds
would seem preferable.
(Spreng, 1961, p. 154).
Shortly thereafter, later in 1961, The Stratigraphic Succession
in Missouri, val. 40, of the Missouri Geological Survey and Water
Resources was published.

This book, edited by J. W. Koenig,

comprehensively covered the stratigraphy of Missouri.

The chapter

entitled "Mississippian System" was written by A. C. Spreng of the then
Missouri School of Mines and Metallurgy.

He used Weller's four fold

classification of the system in discussing the system in the eastcentral, southeastern, northeastern, central, southwestern, and
northwestern parts of the state.

The classification of the system

and the definitive character of the Mississippian formations have
been used in Missouri since that time.
In 1962 N. M. Short published his Master's thesis in val. 46 of
the Bulletin of American Association of Petroleum Geologist.

This

study deserves some attention because it was the first publication on
the Ste. Genevieve to incorporate a newly devised classification of
carbonate rocks, Folk's petrographic classification of limestone which
was first published also in American Association of Petroleum Geologists Bulletin, vol. 43, in 1959.

Short's composite petrographic charac-

ter at its type section could be surmnarized as "biosparite".
In 1963 D. H. Swann published in the Illinois State Geological Survey
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Report of Investigations 216 a report entitled Classification of Genevievian and Chesterian (Late Mississippian) Rocks of Illinois.

This

piece of work has become a valuable reference since it contains a good
description and glossary of the nomenclature used to describe the rocks
involved.

At the same time, however, Swann introduces more terms to

contend with.

He puts the Ste. Genevieve into the Valmeyeran Series

which includes both the Meramecian and the Osagian in Missouri.

In

the upper part of this formation he proposes a "Genevievian Stage".
All of this is shown below:
Mississippian System
Chesterian Series
Elviran Stage
Hombergian Stage
Gasperian Stage
Beech Creek Formation
Yankeetown Formation
Renault Formation
Valmeyeran Series
Genevievian Stage
Aux Vases Formation
Ste. Genevieve Formation
(Swann, 1963, p. 8).
In 1964 M. J. Reinhard wrote a Master's thesis at the Missouri
School of Mines and Metallurgy on Study of the Ste. Genevieve Formation
at Selected Localities in Southern Illinois and Western Kentucky.

This

work was in essence a continuation of Short's work in the Ste. Genevieve
type area.

Reinhard applied Folk's System of carbonation to these

rocks, and his composite petrographic character of these rocks could
be summarized as "oosparite".
Later in 1964 an article entitled "Conodonts from the Pella Format ion (Mississippian), South-Centra 1 Iowa" was published in vol. 38 of
the Journal of Paleontology written by

c.

B. Rexroad and W. M. Furnish.

In this author's opinion this work has provided an important key that
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should and hopefully will be utilized in the future.
lections

In this work col-

made in five localities in south-central Iowa and 25 conodont

species were represented.

The assemblage represents the Gnathodus

bilinaetus-Cavusgnathus characta Assemblage Zone of the Mississippi
Valley.

The authors point out that, "Within this zone, correlation with

the Ste. Genevieve Limestone is most likely."

(Rexroad and Furnish,

1964, p. 667).
Another big step was taken by the publication of the 1966 Annual
Meeting of American Association of Petroleum Geologist Guidebook to Middle Ordovician and Mississippian Strata, St. Louis and St. Charles Counties, Missouri.

This guidebook was written by J. A. Martin and J. S.

Wells of the Missouri Geological Survey and Water Resources.

Some of the

comments made on the Ste. Genevieve are,
The Ste. Genevieve in the type area is less sandy, and
contains a higher percentage of chert that in St. Louis area
exposures. As shown in the cross-section, oolites in the
basal Ste. Genevieve becomes particularly well developed
to the south.
(Martin and Wells, 1966, p. 5}.
In this guidebook T. L. Thompson, also of the Missouri Survey, described
the conodont assemblage zones within the St. Louis-Ste. Genevieve succession in western Illinois and eastern Missouri as follows:
Lower Chesterian Series
Meramecian Series
Ste. Genevieve Formation
St. Louis Formation
Salem Formation
Warsaw Formation

Gnathodus bilineatusCavusgnathus characta
Assemblage Zone
Apatognathus ? geminaCavusgnathus Assemblage Zone
Taphrognathus variansApatognathus ?
Assemblage Zone

(Thompson, 1966, p. 42).
He goes on to say, "It has been found that these zones lie in the
same stratigraphic position in south-central Iowa."

(Thompson, 1966,
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p. 42).

So on the basis of conodont fauna the "Pella Beds" of Iowa

and the Ste. Genevieve in Missouri appear to correlate and belong to
the same formation.

Thompson further points out that the conodont faunal

boundary, the boundary determined in outcrop studies, and the boundary
that results from insoluble residue analyses of the St. Lotiis-Ste.
Genevieve boundary do not correspond.

Also in this guidebook,

w.

D.

Weixelman of Missouri Portland Cement Company describes the geology
of their Fort Bellefontaine Quarry in north St. Louis, County,

He

makes,: the following significant statement.
Unfortunately, a type section for the St. Louis was never
designated, so there has been a lack of agreement on a definite St. Louis-Ste. Genevieve contact.
In this quarry, a
transition ~ containing lithologic characteristics of e;ch
Formation !! recognized and is suggested !! the ~ immediate solution until individual units or zones within the
formation have been traced from the type section of the Ste.
Genevieve Formation in southeastern Missouri.
(Italics mine).
(Weixelman, 1966, p. 10).
In 1969 G. D. Johnson and C. F. Vondra published in vol. 53 of
American Association of Petroleum Geologists Bulletin on Lithofacies of
Pella Formation (Mississippian), Southeastern Iowa.

In this work they

elevated the "Pella Beds" of Iowa to the rank of a formation, the Pella
Formation, and designated a type section and several reference sections.
Johnson and Vondra also identified a distinctive series of carbonate
strata containing sever lithofacies, and did some interpreting of the
environment.
In 1970 A. Borahay, an Egyptian doing his graduate work at the
University of Missouri - Rolla, wrote his Master's thesis on "St. Louis
Limestone, Stratigraphy and Petrography, near its Type Section", which is
in St. Louis County, Missouri.

In this thesis he said the following

pertaining to the St. Louis-Ste. Genevieve contact:

"It is hard to
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arrive at a certain conclusion about the nature of the contact ••• It
seems that

~

break in sedimentation between the St. Louis and the Ste.

Genevieve is not present."

(Borahay, 1970, p. 24).

An examination of the historical background of the upper Meramacian Series of the Mississippian System reveals the presence and
solution of some problems and the persistent continuation of others.
One problem that "seems" solved is the problem of the correlation of the
"Pella Beds" with the Ste. Genevieve in northern, east-central, and
southeastern Missouri.

Problems that evidently are still headaches for

stratigraphers because of their persistent appearance in the literature
are:

1) the nomenclature, and 2) the identification of the St. Louis-

Ste. Genevieve boundary.
3.

Upper Meramecian Exposures
Natural bedrock exposures in northern Missouri (that part of

Missouri north of the Missouri River) are virtually non-existent.
is due to the almost total cover of glacial drift.

This

Northern Missouri is

completely covered with multiple layers of drift except for a thin
sliver just north of the Missouri River from Jefferson City east to
St. Charles.

Only locally does the drainage system in northern Missouri

cut through the drift cover to expose bedrock, and even then these
exposures are so limited stratigraphically that they offer little aid
to the geologist.
The majority of northern Missouri was covered with drift of
Nebraskan age.

This in turn was completely covered by Kansan drift.

(Flint, 1959).

The state escaped further drift inundation, however,

these drift beds are overlain by Wisconsin aged Eolian silt or loess.
(Thor.p and Smith, 1952).

This loess varies from 4 to 16 feet over the
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entirety of northern Missouri, with the thickest sections in the northwestern corner.
These drift and loess deposits prevent consideration of the surface
geology in northern Missouri.

As a result most of the work done in this

area comes from studies of well samples, well logs and quarries.

On

the eastern side of northern Missouri where the Mississippian rocks
crop out under the drift and loess cover, quarries have been established to develop commercial grade St. Louis Limestone.

These quarry-

ing operations provide some information about the St. Louis Limestone
and small amounts of data where the quarries have uncovered thin layers
of overlying Ste. Genevieve.

Usually these quarries are developed so

that the top of the quarry is very close to the top of the St. Louis
or the top of the uppermost commercial grade limestone making the
quarry more economical to operate.
In the central and western portions of northern Missouri there are
no deep economic deposits except for coal which occurs in thin beds
and is not economical to mine.

Consequently almost all the information

from that part of the state must come from oil, gas, and water wells.
The main source of information has come from water well logs based on
sample cuttings catalogued and provided by the Missouri Geological
Survey in Rolla, Missouri.
B.

Structure of Northern Missouri
The structural development of the area studied is relatively

important in understanding the depositional and erosional history of
the upper Meramecian.

Many of the major structural events that occurred

in the area occurred during the Mississippian and had pronounced effects
on the Ste. Genevieve and the St. Louis formations.
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The following discussion describes several of the more important
structural features in the area.

These features are represented on

the following diagram, Figure 3, which generally separates the positive
areas or areas that have been uplifted conspicuously from the negative
areas or areas that have subsided.
A second diagram, Figure 4, shows at a glance a rough idea of the
historical development of the structure in the area throughout the
Paleozoic.
1.

Ozark Dome
The Ozark Dome is a broad, nearly circular area of Precambrian

uplifted igneous rocks surrounded by Cambrian and Ordovician limestones,
which in turn are surrounded by escarpments of Mississippian limestone.
The dome spreads over two-thirds of Missouri, and also into northern
Arkansas where the Boston Mountains make up the southern flank.

The

Precambrian surface had considerable relief, and the younger strata were
deposited on it with initial dips in places up to 30°.

The older rocks

around the dome are truncated and covered by the Mississippian strata.
The Mississippian overlap is most extensive and very well known
from many well records on the west side of the dome.

The unconformity

indicates that the dome was again uplifted in late Devonian time and
considerably eroded.
The dome was uplifted again slightly in the late Mississippian.
The great Pennsylvanian transgression nearly, if not entirely, covered
the dome, and no recurrences of uplift during the Pennsylvanian or
Permian have been described.
2.

(Eardley, 1962, p. 52).

The Lincoln Fold
The Lincoln Fold is a major feature in the tectonic structure of

Mississippi
Valley
Arch

ILLINOIS

Stable Platform

MISSOURI

KANSAS

Fig. 3.

Principle structural features in Missouri.

w

w

FOREST CITY BASIN

Fig. 4.

LINCOLN FOLD

OZARK DOME

ILLINOIS BASIN

Development of the principle structural features in Missouri during the Paleozoic.
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the interior region of North America.

It and the Mississippi Valley

Arch separates the Illinois Basin to the east from the Forest City
Basin to the west.

It also forms a discontinuous arcuate succession

of highs between the Wisconsin uplift to the north and the Ozark Uplift to the south.
southeast.

The axis .of the fold strikes approximately northwest-

Northward the fold plunges into the subsurface toward Iowa

and to the southwest it is offset by the Cap au Gres Fault, and called
the Dupe-Waterloo Anticline to the south of the fault.
It is generally believed that its original inception was related
to the initial uplift of the Ozark Dome in post-Canadian time.

Fol-

lowing the development of the pre-St. Peter erosion surface the Ozark
Dome and a broad northward-trending arch in northeastern Missouri were
being intermittently uplifted while the surrounding basins were being
formed.

During the late part of the Silurian the Lincoln Fold began

to develop as a unique structural feature.

Subsequent stages of the

fold's development involved recurrent episodes of erosion and deposition
throughout Devonian and Mississippian time.

This set of conditions

climaxed at the end of the Mississippian and was followed by a period
of prolonged exposure when most of the Mississippian rocks were stripped
from the fold.
deposits.

The structure was then buried beneath Pennsylvanian

The area was never again inundated by a marine invasion and

the fold as well as the Ozark Dome has been a prominent land-mass
feature throughout the balance of geologic history.

(Koenig, 1961,

p. 75).
3.

The Cap au Gres Fault
Lying between the Ozark Dome to the south and the Illinois Basin

to the northeast is the Cap au Grls Fault or Flexure.

This faulted
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flexure is a narrow band of steeply dipping rocks and discontinuous
faults.

South of the fault zone, rocks of lower Paleozoic age are

steeply upturned whereas north of the zone beds dip gently downward
into the fault.

The presence of a long, continuous fault is not re-

cognizable on the surface even though this fault is one of the sharpest
zones of rock deformation in the area.
The fault is related to the Lincoln Fold, and both the fault and
the fold are related to the Ozark Uplift.

The faulting may extend

deep into the basement, indeed this structural feature may be accounted
for by movements along a deep-seated reverse fault.

The upthrown side

is on the north and the throw is approximately 1,100 feet.

The fault

has offset the Lincoln Fold and the Dupo-Waterloo Anticline making it
a left-lateral fault, and has experienced a movement of approximately
30 miles.
4.

(Cole, 1961, p. 86).

The Illinois Basin (Eastern Interior Basin)
The Illinois Basin was part of a crustal depression that included

the Michigan Basin in pre-Devonian time, but from then on the two basins
sank separately, leaving the Kankakee Arch between.

The first deforma-

tion took place in post-Chester, pre-Pennsylvanian time.

Further

deformation continued and moved progressively southward during the
Pennsylvanian.

Studies of cross-bedding and stratigraphic relations

indicate that the late Mississippian Chester sands as well as

those of

the Pennsylvanian carne mostly from the northeast and some were probably
carried by streams from the site of the Michigan Basin across the site
of the previous Kankakee Arch.
Transcontinental Arch.
5.

A minor amount of sand came from the

(Eardley, 1961, p. 44).

Forest City Basin (Western Interior Basin)
The Forest City Basin is mutually shared by Missouri, Kansas,
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Iowa, and Nebraska.
area indicate

The beveling and thinning of rocks in the basin

that, between Cambrian and St. Peter times, subsidence

took place within the area of the Ozark Dome and upwarping took place
within the basin area.

Afterward, the Ozark region was upwarped and

the previously rising area was now downwarped to form a basin known as
the North Kansas Basin.
Between the periods of planation at the base and top of the Mississippian the principal structural event was the development of the
southward-trending Nemaha-Table Rock Anticline whose crest was raised
1,500 feet or more above the structural basin.

The North Kansas Basin

was crossed by the Nemaha Anticline and thus divided into two basins.
The eastern basin may be regarded as the ancestral Forest City Basin
and the one to the west as the ancestral Salina Basin.

The Mississip-

pian limestones including the Ste. Genevieve Limestone at the top were
preserved in the Forest City Basin but were eroded in post-Mississippian time in part of the Salina Basin.

The deepest part of the present

Forest City Basin is immediately east of the Nemaha escarpment, whereas
the deepest part of the ancestral Forest City Basin lay farther east
and was flooded by the Ste. Genevieve Limestone.
Beginning at the end of the Mississippian time and continuing until
the end of Permian time, the Nemaha Anticline and Ozark Uplift dominated
the structural development of the area.

The sediments that accumulated

in these basins came from, as was the case of the Illinois Basin, north
but primarily from the northeast in the vicinity of the Wisconsin Dome.
(Lee, 1946, sheet 5).
C.

Distribution of the Upper Meramecian
In order to gain an additional feel for the upper Meramecian it
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is necessary to obtain some idea of the present extent and distribution
of the St. Louis and Ste. Genevieve formations.

This is done with

the hope that by the examination of the present distribution of these
formations some insight might be gained into the extent and distribution of the Genevievian Sea from which the original sediments
were deposited.

A definitive unconformity exists between the post-

Meramecian rocks and those rocks that overlie it.

Therefore, as one

might expect, the upper Meramecian having been exposed to weathering has suffered deep erosion.

A glance at the present distribution

of the Ste. Genevieve Formation vividly bears out such a speculation.

Indeed, throughout the entire area where the Ste. Genevieve

is known it is fortunate that enough of the formation escaped complete erosion to be identified.
1.

Source of Data
In attempting to determine the present distribution of the St.

Louis and Ste. Genevieve formations many facts were pieced together.
First, the surface outcrop pattern of these formations has been well
known in the study area for some time, and this, of course, has been
utilized.

Other important sources of data in Missouri have been

sample insoluble residue well logs.

The Missouri Geological Survey

in order to specifically study the Lower Ordovician and Upper Cambrian strata in the Ozark Uplift have a fine catalog of insoluble
residue logs for wells scattered fairly well over the entire state.
The logs, especially the deeper municipal water well logs, have
been sampled and analyzed by the Missouri Geological Survey.
Some error is to be expected when dealing with these logs.
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Some error up to 20%, but usually less than 5%, has been observed
in previous work by the author in the data provided by the driller,
such as correct locations of township, range, and elevation.

The

Missouri Geological Survey, however, has an excellent program set up
for receiving, analyzing, and interpreting the samples.

The over-

all result provides an important source of subsurface information
for the interested geologist.
In Illinois, a large library of electric logs, some interpreted
and some not, is available.

Iowa also has a good source of sub-

surface information in their well log files.

As for Kansas, infor-

mation was needed only for control purposes and this was obtained
from publications such as Lee's on the Forest City Basin.
In general data have been sketchy, which usually means that
the results and conclusions are equally in doubt.

The Ste. Gene-

vieve Formation is well eroded throughout its known exte?t and to be
able even to speculate on this formation one must be reconciled to
using and applying the sketchy data av•ilable.

Indeed, exploration

geologists are often expected to produce even more solid results on
equally limited data.
2.

Distribution of the Ste. Genevieve Formation in Northern Missouri
The structural contour of the upper surface of the Ste. Gene-

vieve Formation, see Figure 5, in northern Missouri follows distinctively the bedding of the area, that is, the beds dip relatively
steeply toward the west from the area where it outcrops in northeastern Missouri.

The amount of dip is approximately 15 feet/mile.

The structure appears to level out in the vicinity of the northwestern corner of Missouri in Nodaway, Drew, and Atchison counties,

Ste. Genevieve outcrop area
in Northern Missouri

(Contour Interval
Fig. 5.

= 200 feet)

Approximate structural contour of the upper surface on the Ste. Genevieve
Formation (Sea level Datum).
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where the upper surface of the Ste. Genevieve reaches a depth of
700+ feet below sea level, or 1,750+ feet beneath the surface.
West of this the surface begins to gently rise again towards
the Nemaha Anticline.

To the east the beds intersect the surface

(though till-covered) where that portion of the Ste. Genevieve has
undergone a second generation of erosion.

The structural trends of

the area are better illustrated by the upper St. Louis Formation
because the upper Ste. Genevieve has been well eroded by postMeramecian-pre-Pennsylvanian erosion.

This erosion in places has cut

through the Ste. Genevieve and into the St. Louis, but the overlying
Ste. Genevieve is much more effected.
An isopach of the remaining Ste. Genevieve, see Figure 6, reveals
that in northern Missouri the thickest Ste. Genevieve occurs in Mercier
County immediately south of the Iowa-Missouri State-Line.

In this area

the Ste. Genevieve "Isopachs" up to 70 feet in thickness.

This high

extends northeastward into Iowa where it has been noted and recorded
by Johnson and Vondra in an Iowa Geological Survey publication.

They

mapped the Ste. Genevieve where it outcrops on the surface, identified
facies units, and isopached these units.
This structure thins both east and west of this high.

To the

west the upper surface of the structure becomes hummocky in its subsurface appearance pinching out completely in parts of western Missouri
leaving small outliers of the Ste. Genevieve remnants in Clinton County
and in Holt County.

These lenses like outliers are not true lenses in

the depositional sense but are erosional remnants.

Lee, in his paper

on the Forest City Basin, identified the largest Ste. Genevieve remnant

(Contour Interval
Fig. 6.

= 20

Isopach map of the Ste. Genevieve Formation.

feet)
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in north-central Missouri and one of the outliers in western Missouri
extending into Kansas; since that time nev well log information has
shown that even smaller outliers of Ste. Genevieve exist to the south
of these larger areas.
Towards the east, as one approaches the outcrop area of the Ste.
Genevieve, the isopach increases again and hints at a "trough" trending
northwest-southeast.

Unfortunately, much of the Ste. Genevieve is

lost and the resulting isopachs can only be implied.

There is some

evidence for believing in a "syncline" in this area however.

The work

done in Iowa implies that this trough-like trend extends in that
direction and the very presence of the Ste. Genevieve farther south in
St. Louis County, and farther south again in Ste. Genevieve County, and
its extension into the Illinois-Kentucky and Alabama areas does imply
that a negatively trending structural depression did exist during the
upper Meramecian.
The reconstruction of the original shoreline of the Genevievian Sea
that deposited the Ste. Genevieve in Meramecian times, see Figure 7,
is somewhat subject to imagination.

By following Lee's work in Kansas

and the trends of these late Meramecian sediments which are postulated
to be deposited in a regressive sea the original shoreline would have
extended into Kansas probably just south of Kansas City, deepening
towards the northeast where the Ste. Genevieve maximum isopach is
today.

This shoreline trend probably reaches no farther than the

Missouri River at the time as evidenced by the small outliers of
Ste. Genevieve that have been found south of the major areas.

As

one moves to the east this shoreline perhaps moves slightly
north until it approaches the eastern edge of Missouri where it again

Areas of known

Fig. 7.

The Approximate original shoreline of the Genevievian Sea during
Ste. Genevieve times.
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turns sharply south paralleling the west edge of the syncline running
down through St. Louis and east again south of the Ste. Genevieve
area.

The great mass of Ste. Genevieve not present in this area could

be attributed to pre-Pennsylvanian erosion.
Because of the great amount of material lost by erosion at the
top of the Ste. Genevieve there may never be enough information to put
together accurately the paleogeography of the basin.

It should be

pointed out at this point, however, that the lithology of the Ste. Genevieve is not uniform through this entire area.

In the Ste. Genevieve

type area as reported by Short, the formation is domdnantly white,
calcitic, and oolitic; in the St. Louis area it has perhaps even more
sand than is found to the south; and farther to the north the Ste.
Genevieve lithology changes again as more silt and clay are found in
the sections exposed there.
3.

Distribution of the St. Louis Formation in Northern Missouri
The structural contour of the top surface of the St. Louis For-

mation, see Figure 8, in northern Missouri follows very closely the
structural contour of the overlying Ste. Genevieve and the underlying
Mississippian strata; in the northeastern corner of the state the
formation is relatively flat with a dip approximately equivalent
to that of the Ste. Genevieve Formation, towards the west.

The amount

of the dip increases until the beds reach a maximum dip through Harrison and DeKalb counties in the northwestern part of the state.

In the

west it again flattens out and shows some indication of reversing its
dip in the far western corner of Atchison County.

?
/

/

/
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I

(Contour Interval
Fig. 8.

= 200 feet)

Approximate structural contour of the upper surface on the St. Louis
Formation (Sea level Datum).
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The isopach of the St. Louis, see Figure 9, again follows the
Ste. Genevieve Formation on a broad scale.

The St. Louis appears in

isopach to be roughly following the erosional outlines that were carved
into the Ste. Genevieve Formation and to some extent into the St. Louis
Formation.

However as with the Ste. Genevieve, the St. Louis is

thickest in and about Mercier, Sullivan, Adair and Knox counties.
Here to the northeast, south, southeast, and east the formation thins
and probably pinches out very rapidly to the southeast.

The amount

of St. Louis remaining is considerable compared with the Ste. Genevieve
and a larger area is underlain by it.

The Ste. Genevieve appears to

thicken to the east while the St. Louis gradually thickens to the west.
All this informs us that the Genevievian Sea that deposited these
formations was.probably a much more extensive sea during St. Louis
times than during the following Ste. Genevieve times.
The St. Louis, of course, crops out somewhat extensively in the
eastern part of the state in Lincoln, St. Charles, St. Louis, and
Jefferson counties, and is a raised area and well eroded and can not
be used to determine the original thickness of the St. Louis Formation.

Actually the original thickness of that formation could not

be determined anyway, because of pre-Pennsylvanian erosion.

Possibly

the area where the St. Louis Formation is available for measuring the
original thickness is buried deep in northern Missouri.
Again we can pick out some evidence for a northwest-southeast
trending trough paralleling the eastern border of the State of Missouri.
In reconstructing the original shoreline of the Genevievian Sea
during St. Louis time, see Figure 10, we would have

Outcrop Area
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Outcrop Area
Fig. 9.
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Isopach map of the St. Louis Formation.

= 20

feet)

Area of known
St. Louis today

Fig. 10.

The approximate original shoreline of the Genevievian Sea during
St. Louis times.
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to extend that sea to a larger area.

Placed on the western edge of the

Missouri-Arkansas border, the shoreline surrounded the Ozark Dome
area which at this time was undergoing uplift, almost to the Missouri
River in the vicinity of Jefferson City and perhaps only slightly
farther inland to the west and back again into Illinois in the vicinity
of Cape Girardeau.

This is a much larger sea than the Ste. Genevieve

Sea and the reasons for its regression can be interpreted as possibly
a regional tectonic activity beyond the scope of this thesis to explain.
Perhaps it was a prelude to the cyclic invasion and withdrawal of the
sea immediately following the Meramecian time climaxing in the Pennsylvanian with cyclothems found from Kansas to Pennsylvania.

But

probably the regression is only one of a series of events occurring in
this time that resulted from both climatic and tectonic variations.
The fauna in these seas would indicate that this was an area that would
compare today to those areas of coral growth in the Bahamas and the
Carribean, that is, in those hot, arid and tropic regions that lie adjacent to the equator.

These conditions compare

favorably with and support

the results of the ideas and work that have been done on paleoclimatology and sea floor spreading reconstructions that have been performed on the North American Continent to determine the paleogeographic
conditions during the Paleozoic.

These studies show the equator run-

ning northeast-southwest through northwestern United States at this time
placing Missouri just south of the Upper Mississippian paleoequator.
Unlike the Ste. Genevieve, the St. Louis during this entire period
of time seems to have developed a uniform lithology throughout its
broad extent.
Based on the Ste. Genevieve and the St. Louis isopachs, there
probably existed a shallow basin trending northwest-southeast extending
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from approximately the northern boundary of the State of Missouri,
southeast to the vicinity of St. Louis, Missouri, a basin which was
present during both St. Louis and Ste. Genevieve times.

The evidence

for this basin reflected in the isopach maps has mostly been lost due
to erosion at the present time.

The basis for the evidence that does

exist results from the piecing together information based on well log
information.

Nevertheless, it appears that this basin did in fact

exist and between St. Louis and Ste. Genevieve times there was a
regression of the St. Louis Sea and again a transgression into a less
extensive Ste. Genevieve Sea.

There is reason to suppose that during

the retreat and subsequent expansion there was a small St. LouisSte. Genevieve Transitional Sea existing in the described basin that
accepted sediments between these two times.

It has been speculated

in this thesis that the continental shoreline existed to the northeast
in Illinois and Indiana where a large delta carried continental sediments into the Genevievian Sea.

With a retreat of the St. Louis Sea

and a shoal-like development trending northwest-southeast on the southwest side of this delta, there probably developed an oscillatory far
offshore environment which gave rise to the St. Louis-Ste. Genevieve
Transition Zone we observe in that area today.
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CHAFTER III
THE LITHOLOGY AND CONTACT OF THE ST. LOUIS AND STE. GENEVIEVE FORMATIONS
Throughout the study area the upper Meramecian rocks exposed
were very similar to the St. Louis in lithology, however, they were
not exactly like the St. Louis lithology.

Often they contained more

clastics, oolites, and structures more common in rocks deposited
under higher energy conditions.

This was true in the St. Louis area

and often a layer of Ste. Genevieve was reported overlying the St.
Louis.

Yet this upper material did not always resemble the Ste.

Genevieve lithology that had been reported from farther to the south.
As a result of this lithologically confusing situation a transition
zone was postulated in 1954 by Collinson to lie between these two formations.
To understand the nature of this transition zone we must examine
the lithologic character of the St. Louis and the Ste. Genevieve
formations and the reported contacts between the two formations.
A.

Lithologic Character of the St. Louis Formation
In a previous examination of the St. Louis Formation, Borahay, in

1970, using and applying Folk's Carbonate Classification to the St.
Louis Limestone, determined that the most dominant rock types present in that formation are biomicrite, biosparite, and micrite.

He

states,
This result is in agreement with the general lithographic character of the St. Louis.
The next largest count of the rock types is the oosparite, which in all stratigraphic sections appears in the
upper part close to the St. Louis-Ste. Genevieve contact.
(Borahay, 1970, p. 89).
This limestone may well have been sampled from within the transition
zone.
The sections studied for this thesis are overwhelmingly biomicrite and micrite below the St. Louis/St. Louis-Ste. Genevieve Tran-
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sition Zone contact.
below this contact.

Limestone breccia was often encountered also
Very few pellets or intraclasts were found, al-

though spar was fairly abundant.
The most common fauna found in the St. Louis Formation were
brachiopods especially Spirifer and Composita, the corals Lithostrotionella, Lithostrotion, and Syringopora, and crinoid stems and plates.
The brachiopods and corals could usually be found fairly well preserved,
however, most of the other fossil remains were composed of shell fragments
broken and well sorted faunal remains.

Scattered algal beds exist in

the St. Louis.
In general the St. Louis is free of terrigenous material.
Very little quartz sand or silt was found.
bedding surfaces but was never abundant.
St. Louis.

Clay was found in some
Chert is not common in the

Stylolites are common; dolomitization is local.

The St. Louis lithology might be summarized as a thin to massively
bedded light gray to very light brown dense micrite, often lithographic,
to a biomicrite composed mainly of unrecognizable fossil debris, but
containing locally individual corals and brachiopods, some spar, and
zones of breccia.
B.

Lithologic Character of the Ste. Genevieve Formation
Short studied the Ste. Genevieve in its type area and summed up

its gross lithology as follows:
••• a biocalcarenitic limestone, with most beds fine- to
medium-granular in size. The most common particles are
crinoid fragments and other fossil detritus, together with
some ooids, held in a matrix of calcite mud which has more
or less recrystallized to sparry calcite.
(Short, 1962,
p. 1924).
His study indicates that biosparite (or biosparrudite) is.by far the
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dominant rock type with biopelsparite the next most abundant.
Throughout the study area, The Ste. Genevieve Formation was seldom
exposed except at both extremes and at Alton.

Where encountered, the

Ste. Genevieve always appeared to have been a carbonate product of
a higher energy index environment than did the underlying St. Louis.
Dismicrite and intramicrite, more clastics, ranging from shale to sand,
oolites, and cross-bedding are all products of a high energy index
environment and all are common in the Ste. Genevieve Formation.
The most common fauna found in the Ste. Genevieve Formation
are brachiopod fragments and crinoid debris.

Some brachiopods, es-

pecially Pugnoides, are well preserved in the Ste. Genevieve throughout the study area.

Corals are not as common as in the St. Louis and,

if found, are usually well broken.

Algal beds again can be found.

In

the type area Bellerophon, a large and usually well preserved gastropod,
can be found associated with red chert.
The Ste. Genevieve often contains quartz sand; oolites often
contain sand nuclei.

Oolites are found in nearly every limestone

bed in the Ste. Genevieve, although they usually constitute less than
5% of the allochems present.

Shale partings are common in the bedding

planes of the Ste. Genevieve and increase in abundance to the north.
Also the argillaceous content of the calcarenites increases to the
north.

Throughout the geographic extent of the Ste. Genevieve, red

chert is common.

This chert, varying is size from an inch or two to more

than a foot, is usually nodular and irregular, stratiform, often banded
and is restricted to bedding planes.

Cross-bedding is common in the

Ste. Genevieve and results from traction transport of coarse-grained
fossil fragments, oolites, and sand.
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In general then, the Ste. Genevieve Formation is light olive-gray
to almost white, sandy and oolitic biosparite, cross-bedded in places,
containing very few fossils and some, not necessarily stratigraphically
confined, red chert beds.

c.

St. Louis-Ste. Genevieve Contact
The only place where the St. Louis-Ste. Genevieve contact has

been exposed in the study area is at the extreme ends of the outcrop
area as measured by Johnson and Vondra, and by Short.

In the St. Louis

type area, Borahay leaves open the question of the nature of the contact.
To the north in the Pella type section Johnson and Vondra describe
the contact between the St. Louis and the Pella formations as disconformable.

They indicate that the Pella overlies a brecciated member of

the St. Louis.

They describe the St. Louis, in addition to being ex-

tremely brecciated, as very irregularly bedded, with many beds pinching
out within a distance of several hundred yards, and locally the St.
Louis may show small folds which may be truncated and overlain by the
Pella.

The lowest bed of the Pella is a quartz

~andstone

which commonly

is mixed with rounded fragments of limestone derived from the St. Louis.
To the south at Ste. Genevieve, Missouri, Short also describes
the contact between the St. Louis and the Ste. Genevieve formations
as unconformable, in fact he describes the contact as a "sharp physical
discontinuity."

He also said that although the contact plane between

the two formations is unconformable, it is straight to slightly undulatory with noticeable truncation of the upper St. Louis beds.

The

uppermost St. Louis beds vary from argillaceous to clean unaltered dense
limestone.

At the base of the Ste. Genevieve there appears a limestone

conglomerate and according to Short, "the pebbles are subangular frag-
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ments, most less than an inch in length, of dense limestone lithologically much like the underlying St. Louis."

(Short, 1966, p. 1917).

He describes the "transition" between the St. Louis and Ste. Genevieve
beds as being gradual in the conglomerate zone.

The limestone conglo-

merate "transition" zone is, however, evidently discontinuous in the
Ste. Genevieve area since Short describes it as appearing "only at the
south end of the quarry" (Short, 1962, p. 1917) in which he measured it.
It should be fairly evident from the above descriptions that the
contact seen both on the north and on the south ends of the study area
are very similar in nature.

This is substantiated by this author's

observations, (see also sections I and XI in Appendix).
Between these extreme sections, however, the situation changes.
In the St. Louis area, in northeastern Missouri, and in southeastern
Iowa where sections were studied the unconformable or disconformable
contact described in both papers is apparently lacking, and the basal
Ste.. Genevieve conglomerate composed of St. Louis pebbles is also lacking.

The difficulty, in this area, of even finding a contact has been

pointed out in the historical background.

The need to establish some

control led to the suggestion of a transition zone between the St. Louis
and the Ste. Genevieve in this area.
Indeed, the presence of a transition zone has not eliminated all
the difficulty, for transition zones will often be bounded by the
most subtle of contacts, contacts that very often cannot be agreed upon
by geologists and that, in some cases, require more than normal field
examination and/or laboratory analysis of samples.

When the criteria

for distinguishing between two lithostratigraphic units become large
in number, or too subtle or detailed for fairly high resolution recog-
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nition then that unit does not really serve as a practical stratigraphic body.

This is true whether the boundaries across which compari-

son is made is between a transition zone and a formation, or a member
and a formation, or, even between two formation.

Nevertheless,

subtle contacts or not, the existence of transition zones must be admitted and when confusion develops over the nature of rock, as has
happened in this study area, then clarification of the stratigraphic
boundaries involved by imposition of a transition zone is justified
if not required.
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CHAPTER IV
THE NATURE OF THE TRANSITION ZONE
A.

Definition
In this thesis a transition zone is defined as:
A body of rock consisting of several lithosomes which has
a geographic extent measured in scores to hundreds of miles,
which lies completely between a single overlying formation and
a single underlying formation, and which has lithologic and/or
paleontologic properties common to both the overlying and
the underlying formations.
A formation is a rock-stratigraphic or lithostratigraphic unit

according to the Code of Stratigraphic Nomenclature and can be distinguished and delimited only on the basis of lithological characteristics.
A transition zone is distinguishable on the basis of either lithology
or fossils.

It would be, therefore, a rock or biostratigraphic unit;

thus the unit may or may not be confined to time boundaries.
The above definition of a transition zone provides for a geographic but not a stratigraphic limitation.

There is nothing in the de-

finition to prevent a transition zone from accepting member status.
The definition is designed to prevent a transition zone from becoming
a formation while at the same time preventing it from being treated
as a lens or a lentil.

Basically, there is no reason such a rock body

could not accept formation status, yet transition zones will normally
be "thin" stratigraphically and would not be expected to be described
as a formation.

These bodies would usually, therefore, be members

formally, or just "zones" informally.
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B.

The Character of Transition Zones
The complete character of a transition zone is determined not

only by its general or physical character but by recognizability and
its application or usefulness.
l.

General Character

a.

Composition

Each of these will be examined in turn.

It should be fairly evident that the unique quality of a tran•
sition zone is the "lithologic and/or paleontologic properties common
to both the overlying and the underlying formations."

That is, if

A represents the set of qualities a, b, c, ••. which are qualities
that are unique to Formation A which lies above a transition zone
and if B represents the set of qualities p, q, r, •.• which are qualities
that are unique to Formation B which lies below a transition zone, then
a transition zone is the set, say C, that represents the union of sets
A and B, or C

=

AU B.

It should be pointed out that for short stra-

tigraphic distances compared to the total transition zone, C may be
essentially the same as A or B.
The definition implies that the compliment, C, of C does not
intersect with C, that is, if

c ={ pjp~c},
or the set of all properties, p, such that those properties are not
members of C, then

c I c
is imp lied.
Even though this may not be the case in nature, there is no reason
to believe that there might exist in the transition qualities that are
not common to either of the two formations.

Nevertheless, such a
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situation is probably rare and would be unexpected, and would no longer
fit the definition of a transition zone.
The Code of Stratigraphic Nomenclature does not comment on transitions or "transition zones".

It does, however, say the following in

regard to gradational sequences:
Where one rock unit passes vertically .•• into another by
intergrading or interfingering of two or more kinds of rock,
the boundary is necessarily arbitrary and should be selected
to provide the most practical units.
(American Commission
on Stratigraphic Nomenclature, 1970, Article 5a).
It should be emphasized that there has been absolutely no implication
that a transition zone is anything like a gradational zone between two
formations, even though there is no restriction of a gradational zone.
The only compositional qualification a body need have to be a transition zone is that it have characteristic s common to both formations
regardless of the amount or percentage of those characteristic s in
any bed.
Not every bed must contain both lithological and paleontological qualities common to the over and underlying formations but at
least some qualities from each.
Notice also that the transition zone requires that its characteristics come from those lithostratigra phic units, not beds, above and
below it.

This is because the uppermost or basal beds of a rock unit

may differ greatly from the general characteristic s of that unit and
would provide a poor standard for a transition zone.
b.

Shape
Unlike a lens or lentil which is restricted to a double convex

lens shape, a transition zone has no such restriction.

Since most
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traasition zones could be expected to be stratigraphically narrow and
geographically extensive, "blanket" would be a more appropriate shape
term, though even this need not necessarily be the case.
c.

Boundaries
The boundaries that can arise due to a body restricted "completely

between a single overlying formation and a single underlying formation"
are interesting to speculate, even if an investigation of boundaries
is not the primary purpose of this thesis.

The following figure,

Figure 11, is an outline/classificati on of the various boundary conditions that can arise.

Even though this paper will not attempt to des-

cribe or explain the depositional, structural, or tec·tonic reasons for
the variations in transition zone boundaries, it will point out that
any given kind of transition zone would most likely require extensive
information, from drilling and other methods of determining subsurface
data, to ascertain to which of the transition boundary classes in
Figure 11 it belongs.
Other parameters in nature may limit this set of four transition
zones to fewer but in theory at least all four are possible.
2.

Recognition of a Transition Zone
Perhaps the best method of determining the presence of a transi-

tion zone is also the most obvious, that is, to describe in detail all
the lithologic and paleontologic characteristics of formations A and B,
and then examine the suspected transition zone C for some or all of these
characteristics.

Paleontological zoning is a similar process that has

been used by paleontologists with great success for some time.

Actually,

a transition zone is a broadening of the concept of a paleontological
zone in that it includes lithology as well as fauna as criteria for
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Depressed Transition Zones

Supported Transition Zones

Offset Transitions Zones

Intermediate Transition Zones

Fig. 11.

Transition boundary classes.
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determining the zone.

In fact one of the definitions of a zone given

in the Glossary of Geology and Related Sciences by American Geological
Institute is that a zone is, "A subordinate unit containing the rocks
deposited during the time of existence of a particular faunal or
floral assemblage."

(Howell, 1960, p. 325).

An example of the recognition of a transition zone is as follows:
if Formation A contained lithological characteristics a , b , c , •..
1
1
1
such as composition, texture, distinctive sedimentary structures (crossbedding, ripple marks, chert beds, etc.), etc. and paleontological
characteristics a , b , c , .•. its distinctive faunal assemblage, and
2
2
2
some or all of these characteristics were found in each section of that
fonmation studied, say SA, SA, SA , .•• and if Formation B contained
1
2
3
its lithological and paleontological assemblages (p , q , r , .•• and
1
1
1
p , q , r , .•• ) some or all of these characteristics were also found
2
2
2
in each section of that formation studied, say SB, SB, SB , .•• then a
1
2
3
characteristic assemblage table could be constructed as in Figure 12.
Such a table should readily uncover any "zone" with characteristics
common to its surrounding formations.

This is the transition zone.

Perhaps this can be completely accomplished using lithology
without relying upon fauna if none should be present.

This should be

especially true if one is using one of the modern classification systerns such as Grabau's, Pettijohn's, or Folk's for clastic rocks or
~

carbonate rocks.

These classification systems subdivide the sedimen-

tary rocks into very fine detailed classes based on measurable characteristics which is also the very basis of zoning.
Another method for determining the presence of a transition zone
might be to examine an outcrop in the field or hand samples under labora-

The distinctive characteristics of Formation A
Lithologic characteristics
a 1 ................... • ....

-

bl•••••••••••••••••ott,Jttt

.

.

IFormation

sl

Paleontologic characteristics
a 2 ••••• • .••. • • • • • •.•• • • • • •

bz ...........•............

-

.
•

The distinctive characteristics of Formation B

Transition
Zone

Litho logic characteristics

-

p 1 ..•••.....•.....•.•...•.

q 1 .•...•......•.•........•

IFormation AI

.
•

Paleontologic characteristics

~

p2 ••••••••••••••••••••••••
q 2 ••••••••••••••••••••••••

.
.
Fig. 12.

Model characteristic assemblage table.
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tory conditions to ascertain its presence.

This would be especially

true of carbonate rocks which are often difficult enough to distinguish
from one another.

However, for a sandstone-shale transition perhaps

a simple hand sample analysis would be adequate.
A better method would involve cutting and examining thin-sections
of the strata involved.

Often photomicrographs might prove useful in

demonstrating the presence of a transition zone.
Chemical transition zones may exist and may be a significant concept to the geochemist as well as to the igneous petrologist.

However,

the definition of a transition is here restricted to lithological and
paleontological similarities, not chemical, which limits transition
zones to sedimentary rocks.
Some lithographic units are characterized by specifically identifiable markings.

These are often informally referred to as "marker

units" or "marker beds".

Almost any criteria may be useful as a marker.

Often color, mineralogical composition, heavy minerals, chert beds,
insoluble residue, and/or fossils are used as such criteria.

Each

"marker bed" must possess a unique position with reference to units
above and below it.

This known sequential relation makes correlation

possible even over large areas, and is commonly applied to outcrop
investigations.
In some areas the lithologies are so similar that correlation
becomes extremely difficult.
of this thesis.

Such a situation exists in the study area

The fundamental source of correlation difficulties is

the absence of any distinguishable "marker bed".

Several possible

marker characteristics appeared to be present such as the breccia in
the St. Louis Formation or the red chert or Bellerophon gastropods in
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the transition zone or in the Ste. Genevieve Formation; none of these
possible markers proved usable for two reasons.

The first reason was

the irksome nonpersistent occurrence of these characteristics from one
section to another.

Any one of these characteristics might have very

great lateral variability.

This lack of lateral consistency was noted

both locally and on a regional scale.

The second reason that none of

the possible markers proved usable was that throughout the area studied
there was a continuous variation in the sequential relationships of each
of the characteristics, and seldom did they show any fixed observable
or measurable relations.
3.

The Use of Transition Zones
At first appearance, even if one admits the existence of transi-

tion zones, he may still wonder if their introduction into the literature is not an additional burden on the growing and possibly already
overloaded vocabulary of the geological sciences.

There are, however,

three significant reasons for developing the concept of a transition
zone.

These are for correlation, genetic, and economic purposes.

Each

of these will be discussed.
a.

The Correlation Significance of Transition Zones
It was a problem in correlating both the St. Louis and the Ste.

Genevieve formations in eastern Missouri that stimulated the initial
research on this thesis.

Often times correlators have been faced with

similar situations yet are expected to define a single sharp contact
between two formations where none exists; a transition zone does.
With transition zones available the job of correlating beds over long
distances may be made more understandable.

Even with well cores,

insoluble residue analyses, electric logs or gamma ray logs the tran-
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sition zone may be an identifiable object.
b.

The Genetic Significance of Transition Zones
Knowing that a transition zone exists between two horizons could

aid in interpreting the environmental causes that eventually produced
the formation.

A transition zone implies a zone of continued depo-

sition between two formations, or an area of gradually changing conditions.

Though both of these causes hint at a gradational zone, a transi-

tion zone is not necessarily this.
If a transition zone were separated from its surrounding formations
by an unconformity, then new interpretations would need to be found
to explain its existence.

Nevertheless, the very presence of a tran-

sition zone would have a very significant effect on the genetic interpretation of the rocks involved.
c.

The Economic Significance of Transition Zones
Where good commercial grade limestone is near enough to the sur-

face to be economically quarried it is put to a variety of uses.

Both

the St. Louis and the Ste. Genevieve limestone are quarried and used
for aglime, road metal and building stone.

Throughout the study area

the transition zone is quarried and is probably called the St. Louis
Limestone.
Being aware, however, that there is a transition between the St.
Louis and the Ste. Genevieve, or any two formations with a transition
between, then quarry operators can better make economical judgements
of the rock that they process.

Such knowledge could often be important

in making decisions of economic value in the limestone quarry industry.
C.

The St. Louis-Ste. Genevieve Transition Zone
Ten of the twelve sections measured for this thesis were sampled.
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Section VII, the Alton, Illinois section was not sampled due to its
inaccessibility, and Section X, the I-55 section in south St. Louis
County, Missouri, was not sampled.

It was measured and generously

provided for this thesis by Dr. A. C. Spreng.

The sampling was "sel-

ective", providing one sample per unit measured; these samples were
used to provide for a more complete description of the stratigraphic
section through microscopic analysis.

Most of the samples, 102, were

thin-sectioned and used for lithological identification.
The results of these thin-sections along with field observations
provided the basic source of data for this thesis.
l.

The Petrology of the St. Louis-Ste. Genevieve Transition Zone
Examination of rocks obtained from the transition zone reveals

that there is, in fact, no specific lithology for the transition zone,
that is, every bed examined could have easily been included in either
St. Louis or Ste. Genevieve.

There is no lithology that is distinctive

of the transition zone itself, no lithology that is intrinsically individualistic of the transition zone.
To demonstrate the existence of a transition zone, this thesis
will show the common characteristics of the over and underlying formations by use of a characteristic assemblage table described above
and photomicrographs of selected thin-sections.
a.

St. Louis-Ste. Genevieve Transition Zone Characteristic Assemblage Table
Shown in Figure 13 is a St. Louis-Ste. Genevieve Transition Zone

Characteristic Assemblage Table.

This table was constructed in accor-

dance with the specifications outlined above.

Only those properties

which are distinctly characteristic of each formation were chosen, such
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as, micrite for the St. Louis Fornation or oolites or cross-bedding
for the Ste. Genevieve Formation.
Not every section is represented in the
table.

characteristi~

assemblage

For example, Sections!, I*, and XI which are the distal sec-

tions do not include a transition zone and are not present.

Section

IX which is Eyermann Quarry contains an interval where the St. Louis
Formation and the Transition Zone interfinger, as one would expect on
a depressed transition zone, which makes it difficult to represent,
therefore, this section is not represented.

Section X, I-55, is also

not represented.
b.

Photomicrographs
The following plates, Plates 1, 2, and 3 contain 17 photomicro-

graphs of selected thin-sections from those prepared.

These thin-sections

were selected to show some of the properties of the zones that they
represent.

No photomicrograph demonstrates all of the properties of

the zone from which it was taken.

They are presented here in the hope

that they will give the reader some "feel" of the lithologies involved.
2.

The Environment of the St. Louis-Ste. Genevieve Transition Zone
A transition zone implies almost immediately two environmental

conditions:

one, that deposition is continuous without interruption

between the times represented by the over- and underlying beds, and
two, a transition zone implies a transitional environment.
In order to interpret the environment correctly it is first necessary to correlate the measured sections (see Appendix) to see the
cross sectional shape and distribution of the transition zone.
14 shows the chosen correlation cross section.

Figure

This cross section

runs from the northwest in Iowa or from Section I to the southeast or
to Section XI.

This chosen cross section closely parallels the paleo-
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Explanation of Plate 1
Fig. 1.

St. Louis limestone from IXCl, this figure demonstrates the
extremely fine-grained or lithographic nature of the limestone that is so characteristics of the St. Louis Formation.
Oolite in upper right hand corner.

Fig. 2.

St. Louis limestone from IAl, this biopelmicrite is also very
characteristic of the St. Louis Formation.

This is the

common "lime mud" that makes up much of the rock of that
formation.

Fig. 3.

There also is some spar in this specimen.

St. Louis limestone from VIIIAl, a good St. Louis biomicrite
with shell fragments .md foraminifers in a matrix of very
fine-grained lime mud.

Fig. 4.

St. Louis limestone f om IXA4, biomicrite containing

som~

spar.

Note abundant foraminifers; random packing; some pellets.
Fig. 5.

St. Louis limestone from VIIIA2, biomicrite with stylolite
cutting into faunal debris.
of photomicrograph.

Stylolite cuts across middle

The St. Louis Formation is characterized

by numerous stylolites.

Fig. 6.

St. Louis-Ste. Genevit:ve Transition Zone limestone .from
IIIB2, graded bedding composed of quartz sand particles.
Up is to the left with coarser material mostly well rounded
fossil fragments.

Present also is a small amount of very

fine-grained ceminting micrite.
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Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6
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Explanation of Plate 2

Fi~.

1.

St. Louis-Ste. Genevieve Transition Zone limestone from IIIB2,
rock composed of unsorted quartz sand and sand sized carbonate
fossil. fragments.

Fig. 2.

St. Louis-Ste.

Note solitary coral, left of center.

G~nevicve

Transiti.,-

7~~e

sandstone from IVA,

sandstone in transition Zone with micrite cementing matrix.
Note shattered quartz grains, no explanation for these can
be offered.

Fig. 3.

St. Louis-Ste. Genevifve Transition Zone sandstone from IVA,
sandstone similar to that in Fig. 2.

Note again the strange

shattering effect on the qua~tz grains, however, in this case
the intensity of the shattering grades from the upper left
corner to the photomicrograph increasing to the lower right
corner.

Fig. 4.

St. Louis-Ste. Genevieve Transition Zone limestone from IXB2,
algal ball (oncolite) in a biomicritic matrix.

Note that the

alga has grown in and around a shell fragment.

fig. 5.

St. Louis-Ste. Genevieve Transition Zone limestone from IVA,
biosparite in the transition zone.

Note ostracods on left and

gastropod on right.

Fig. 6.

St. Louis-Ste. Genevieve Transition Zone chert from IVAS,
internal structure in red chert.
Note banding.

Chert encloses the spar.
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Fig . 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6
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Explanation of Plate 3

Fig. 1.

Ste. Genevieve lim••st::me from IBl, basal Ste. Genevieve bed
above St. Louis-Ste. ·;enevieve

discontinuit~··

ily of silt quartz with shale lens.

Composed primar-

Some very fine-

grained micritic ceme·1ting material present.

Fig. 2.

Ste. Genevieve limestone from I*B7, sand sized quartz grains
and sand sized carbonate grains in a matrix of silty, argillaceous, and limy mud.

Fig. 3.

Sta. Genevieve limest<)ne frome I*B9, spaY uanding in a micrite,
has a dismicritic app!arance.

Sand grains also present.

The linear features are spar filled veinlets.

Fig. 4.

Ste. Genevieve limest<>ne from XIB4, oosparite.

Shown are

oolites with and without sand nuclei, foraminifera,
crinoic and. echinoid debris.

Fig. 5.

Ste. Genevieve limestonk from XIBS, oosparite, similar to
Fig. 4 with more sand grains acting as oolite nuclei.
Severa 1 coated and elongated part ic...les are shown in the
photomicrograph.
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geographic shoreline.

Section I through Section XI were then corre-

lated on the correlation chart, Figure 15, using sea level as a datum.
The evaluation of the correlation chart was straight-forward.
The interpretation of the correlation is shown in Figure 16.

Notice

that the transition zone appears to be a "depressed transition zone".
Blanket carbonate deposits such as those described in this thesis
often cover several thousand square miles along stable shelf areas of
a craton.

Those deposits similar to the St. Louis Formation are often

well-bedded and light colored with fossils and fossil fragments rich to
sparsely scattered in a matrix of microcrystalline carbonate constituents at any given point of observation.
evident lack of lateral persistence.
in the area studied.

There is, however, a very

This has been well pointed out

In the Appendix, Section I* is included to de-

monstrate the great lateral variability of limestones involved.

Sec-

tion I* was measured approximately 600 feet north of Section I and
is located on the opposite wall of the same pit in the same quarry as
Section I.

It well illustrates the great variability of the carbonate

rocks involved even across relatively short distances.
The predominance of fine material can be interpreted as deposition
below the average wave base, or deposition in the shallow sublittoral
realm yet well within the sunlit photic zone, or deposition in the
shallow waters of protected lagoons.

Present day low-energy carbonate

deposits are encountered in lagoons associated with reefs.

The inter-

fingering with sorted coarser-grained carbonates would suggest the
occasional intervention of high-energy states, such as storms or storm
cycles.
The very close association of arenites with many coarse-grained
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carbonates, such as we find in the Ste. Genevieve Formation, composed
also of well sorted fossil fragments and exhibiting cross-bedding
suggest a common origin for both the sand and the coarse-grained carbonates.

These limestones represent carbonate beach deposits which due

to transgression and regression were spread as blankets over wide areas.
Oosparites and pelsparites are commonly interfingered with biosparites
and biomicrites.

Under static conditions successive beaches are re-

peatedly deposited and superimposed to form shoals or carbonate banks.
The biosparites of the Ste. Genevieve Formation can be interpreted as
such an environment.
The blanket biosparites are the non-clastic equivalent of the
blanket sandstones and both represent transgressive and regressive
strandlines.

At the hinge line of basin margins the coarser-grained

material accumulates.

Accumulations of appreciable thickness may

develop if the strandline remains in a relatively fixed position.
Figure 17 shows the reconstruction of a carbonate bank with the position
of the hinge line.

Alternation of an environment at a fixed locality

back and forth across the hinge line as the strandline

shifts, trans-

gressing and regressing, and cause "transitions" from a basin-like
environment to a more tidal flat-like environment.

Such alternations

could give rise to a transition environment that deposits a transition
zone between more uniform beds that represent times when the environment was more stable.

A transition zone would become then the rocks

that represent an overlap or the fusion of different environments, that
is, an ecotone.
During the Mississippian Period the Illinois Basin had begun a
slow subsidence.

The highlands surrounding this basin, such as the

cu

St. Louis-like
Deposition

Shoa 1 or
Carbonate Bank

Open Sea

Argillaceous Micrite ·

Biomicrite

Bio(-pel-oo-intra)sparite

Lagoon

Anhydrite

.----. Ste. Genevieve-like
Deposition

Biomicrite

Fig. 17.

Bio(-pel-oo-intra)sparite

Anhydrite

Possible development of a transition zone with alternating hinge line.
OJ
N
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Ozark Dome or the Cincinnati Arch contributed very little sediments
to this basin.

Instead, the basin was filled by carbonate

sand that eroded from highland areas to the northeast.

mud

and

These may have

been the eastern part of the Canadian Shield or perhaps the northeastward extension of the Appalachians.

This sediment was brought into

the basin region by major river systems.

These rivers delivered much

sediment to the Illinois and Missouri regions during early Mississippian
time.

An advance of the sea prevented sand and mud from .reaching

Missouri during the deposition of the St. Louis limestone.

During Ste.

Genevieve time, however, there wa.s a lowering of the sea level.

Be-

tween these two times an alternating deposition of shallow water carbonate and clastic units developed the characteristic transition zone.
The thickness, facies, and cross-bedding indicate the existence of a regional slope to the southwest, perpendicular to the prevailing northwest trend of the shoreline.

The mouth of this river

system generally extended out into the sea as a bird-foot delta,
Figure 18, and the shoreline across the basin area was probably convex
rather than concave as would be an embayment of an interior sea.
The shoreline was not static.
range of approximately 600 miles.

Its position oscillated through a
At times it was so far to the south-

west that land conditions existed throughout the present area of the
Illinois Basin; at other times it was so far to the northeast that there
would have been no suggestion of a near-shore environment preserved
in the sediments.

This migration of the shoreline and of the accom-

panying alternating hinge line determined the composition and the position of the St. Louis-Ste. Genevieve Transition Zone.
The cause of the transgressions and regressions is not well under-
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stood.

A Carboniferous glacial period has been raised as a possible

mechanism, however, more recently speculation has suggested the warping
of the sea floor as the most plausible cause of major worldwide transgressions and regressions.

Indeed, recent evidence has suggested that

changes of the sea floor as are recorded in the postulated Darwin Rise
in the southwest Pacific was probably responsible for the great worldwide Cretaceous transgression, that flooded nearly one-third of the
present land area, and the subsequent Cenozoic regression.
3.

Distribution of the St. Louis-Ste. Genevieve Transition Zone
Figure 18 shows the present position of the North American Con-

tinent with respect to the upper Meramecian Paleoequator.

This informa-

tion is the result of paleomagnetic studies based upon findings that
since the 1950's are accumulating at an ever increasing rate.

New data

undeniably shows evidence of marked changes in the magnetic field of
the Earth with respect to present geography.

The positioning of paleo-

poles and the paleoequator is determined by measuring the ancient magnetic pole positions from carefully studied rock specimens.

With this

information and the assumption that Earth's magnetic field was always
dipolar as it is today and that it owes its orientation to the spin
of the Earth, then the pole can easily be found since the two magnetic
poles should always be more or less coincidental with the geographic
poles of the Earth's spin axis.
The position of the equator as suggested by paleomagnetic evidence
during the late Paleozoic time is especially noteworthy in relation to
the distribution of various sediments, fossil types, and paleocurrents.
From Figure 18 it is easily noted that the area under study would fall
in a tropical to subtropical zone where mild, humid, nonseasonal eli-
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matic conditions would be expected, and would be in the Trade Winds
Belt.
Most of the argillaceous beds found in the sections measured were
in the northwesternmost sections--the sections in Iowa, Figure 19.
This suggests that most of the mud contributed by the river systems
that flowed into the Illinois Basin was carried by sea currents toward
the northwest.

According to Swann,

The total thickness of limestone is greatest along the
southern border of the Illinois Basin and is relatively constant along that entire border. The proportion of limestone,
however, is much higher at the eastern end than along the rest
of the southern border because little mud was carried southeastward against the prevailing sea current. Instead, the mud
was carried to the northwest and the highest proportion of
shale is found in the northwestern part of the basin.
(Swann,
1963, p. 15).
Based on 1) the direction of the prevailing Trade Winds which blow
from east to west in the vicinity of the equator, 2) the paleocurrent
direction which is in turn based on the lithofacies shale distribution,
and 3) the assumption that time interval during the deposition of the
transition zone was short affecting only a limited area at the mouth
of the delta, a reconstruction of the distribution of the transition zone
can be attempted.

Figure 20 is an attempt at such a reconstruction.
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Shifting
Strand Line
~~~~~~----~~~~~~(±600 miles)

Fig. 20.

Reconstruction of the distribution of the

St. Louis-Ste. Genevieve Transition Zone.
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CHAPTER V
SUGGESTIONS AND CONCLUSIONS
A.

Suggestions

1.

Suggested Nomenclature Change
Throughout this thesis the stratigraphic sections of the transi-

tion between the St. Louis Formation and the Ste. Genevieve Formation
has been referred to as the "St. Louis-Ste. Genevieve Transition Zone".
Even though a "transition zone" was defined in Chapter IV, it is not a
formal rock unit and is not defined in the Code of Stratigraphic Nomenclature.

Continued use of the term "transition zone" may well fill the

communication problem needed to discuss the rocks of the upper Meramecian in Missouri and Illinois, but if the use of the term becomes
common practice or if it becomes economically practical to recognize
formally the transition zone as a rock body between the St. Louis and
the Ste. Genevieve formations then this author suggests the elevation
of that body to member status.
If it becomes advisable to recognize such a member it is suggested
that that member be termed the Alton Member and assigned to the St.
Louis Formation.

It is further suggested that Section VII in this

thesis, located in Alton, Illinois, be used as the type section for that
member.

This is the only section to the author s knowledge in which

the entire transition zone is exposed with the underlying St. Louis
Formation and the overlying Ste. Genevieve Formation.

It was also at

this location that a "transition zone" between the two formations was
first suggested in 1954 by Collinson.

The section at Alton is well

exposed and easily accessible, and would make an excellent type section.
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2.

Suggested Additional Research
During the course of field section measurement, laboratory analysis,

and the writing of this thesis many unsolved problems related to the
upper Meramecian and more specifically to the St. Louis-Ste. Genevieve
Transition Zone occurred to the author.

Some of these additional

problems are outlined below in the hope that they may aid others in
continuing research on the transition zone.
a.

Continued Study of the Extent and Distribution of the St. LouisSte. Genevieve Transition Zone
This thesis identified the transition zone only along a northwest-

southeast traverse.

A postulated area of distribution is given in

Chapter IV, however, to clarify, expand, and extend the concept of a
transition zone more information will be necessary about its distribution.
b.

Study of Transition Cross-Bedding
Since the transition zone contains massive cross-bedding, the origin

of the sediments, and the nature of paleocurrent directions should be
fairly readable.

If these were studied along with their relationship

to deltaic sediments the results could prove valuable.
c.

Faunal Correlations
The work initiated by Collinson, Thompson and others involving

conodonts that are used to distinguish between the St. Louis, Ste.
Genevieve, and Pella formations should be expanded.

Attempts might be

made to identify fauna that is indigenous of transition zones.

Ecotones

often contain a healthy and flourishing crop of indigenous flora and
fauna.
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d.

Studies of Carbonate Lateral Variation
As was noted throughout this thesis the lateral variation in the

transition zone, indeed, through the whole of the upper Meramecian that
was observed is extremely variable, often changing lithologies within
only a few hundred feet.

Studies involving the origin, persistence and

nature of these carbonate facies over short distances would be an important and a significant aid in interpreting this strata.
e.

The Identification of Continuous and Persistent Time-Stratigraphic
Units
Throughout the study area no dominant marker has, as yet, been

found that can be used as the persistent time-stratigraphic marker.
Neither the breccia in the St. Louis nor the red chert nor Bellerophon
gastropods in the transition zone could be traced with certainty.

If

a time-stratigraphic unit were found in the area this would facilitate
correlation across wide areas.

Even a persistent lithostratigraphic

marker would be useful.
f.

Studies Involving the Economic Significance of the Transition Zone
Since the transition zone outcrops over a large

area in northern

and eastern Missouri, in southeast Iowa and in western Illinois where
large quantities of quarriable limestone is sought then the usefulness
and the value of the transition zone limestone as compared to St. Louis
or Ste. Genevieve limestone should be worthy of consideration.
g.

The Extension of the Concept of a "Transition Zone"
A transition zone as defined and used

not unique.

in this thesis is probably

Indeed, transition zones should normally be expected to

occur anywhere transitional environments have occurred.

A survey of

Paleozoic strata in Missouri (for that matter in the United States or
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the world) would certainly expose even more and better examples of
transition zones than the one cited here.

In the Cambrian the transi-

tion between the Lamotte and Mt. Simon and/or the overlying Bonneterre
formations may be a clastic or a clastic-carbonate transition zone.

In

the Mississippian the Burlington-Keokuk or the Warsaw-Salem may prove
to be additional carbonate transition zones.

No doubt the reader may

be able to suggest other possible stratigraphic units involving transition zones.

Surely not all of these transition zones would need

discovering and exposing, yet their presence could be noted which may
have future significance.
B.

Conclusions
From the compilation of well log data and a review of the litera-

ture it has been observed that the St. Louis and the Ste. Genevieve
formations are blanket carbonate formations existing in Missouri principally in the northern and eastern parts of the state.

Between these

two formations in eastern Missouri, southeast Iowa and western Illinois
is a transition zone, called the "St. Louis-Ste. Genevieve Transition
Zone".
This transition zone lies exclusively between these two formations
and has lithological and paleontological characteristics common to
both the overlying and the underlying formations.

The presence of the

transition zone can be seen by isolating the individual characteristics
of the St. Louis and Ste. Genevieve limestones and noting their assemblage throughout the stratigraphic transition section.
Sections were measured from southeastern Iowa to east-central
Missouri.

These sections were correlated to reveal a "depressed"

transition zone.

The transition zone was probably deposited due to
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continuous deposition between the two formations and in a relatively
short period of time.

The geographic extent of the Transition Zone is

most likely limited.
The environment in which the transition zone was deposited was an
ecotone, or an overlapping of the environments that deposited the St.
Louis and the Ste. Genevieve formations respectively.

These occurred

along a shoal or carbonate bank and alternated back and forth across
the hinge line of that bank in response to a shifting strandline.

The

strandline was also associated with a bird-foot delta that extended into
the Genevievian Sea at this time.

The river system(s) that built up

the delta contributed the carbonate and the clastic sediments that made
up the stratigraphic interval discussed in this thesis.
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APPENDIX - MEASURED STRATIGRAPHIC SECTIONS
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DESIGNATION SYSTEM FOR STRATIGRAPHIC SECTIONS EXPLAINED
1.

Section Designation
Every section has been identified with a Roman numeral, a single

numeral given for sections measured in the same natural outcrop, quarry,
etc.

Often sections may represent a composite section measured in parts

in the general area identified.
westernmost·
2.

The numbering begins with the north-

section and proceeds systematically to the southeast.

Age of Stratigraphic Units (Formations, Members, etc.)
Within each section measured the various stratigraphic units, for-

mations, transition zones, etc. are identified with a capital Arabic
letter beginning with the oldest (or lowest) unit identified within
that general section.

If the contact between units is separated by a

non-conformable disconformity it is identified, however, no particular
notation is made for conformable contacts.

The differentiation between

units is most often based on lithological differences determined by field
observation with sampling and microscopic identification where uncertainties might arise.

The differentiation must unfor.tunately be based

to some extent on the investigator's subjective judgement.

Most likely

four different geologists may place the same indistinct or gradational
contact at four different positions.

We do believe though that most

geologists will most certainly agree that a "contact" does exist in the
stratigraphic vicinity in which they are placed.

The criteria used

for distinguishing between the St. Louis Formation, the Ste. Genevieve
Formation, or the

St.

Louis-Ste. Genevieve Transition Zone are dis-

cussed in Chapter IV.
3.

Unit Designation
Beds readily distinguishable in color, lithology, texture, bedding,
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etc. from those above or below, are identified with Arabic numerals
beginning with the oldest (or lowest) unit.
4.

Use of Designation System
With the designation system described above, any unit throughout

the area under study can be readily and easily referred to with a three
character call system.

For example, unit IIIA6 would be in the third

section measured, in the lowest formational unit exposed, and the sixth
unit above the base.

In this particular case, IIIA6 is the abandoned

quarry near West Point, Iowa, the St. Louis Formation, and a one foot
massive, light brown, fossiliferous, micritic unit.
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DESCRIPTION OF MEASURED SECTIONS
Immediately following is a description of each section used in
this thesis.

Each description contains 1) a graphic description of the

section showing all the units involved, 2) a written description, and
3) a photograph or photographs of the section.
The written description gives the lithology, the color, the bedding,
the thickness, and any diagnostic peculiarities of each unit.

The

lithological terms used follow the 1959 Folk Classification of Carbonate Rocks; the colors used roughly follow those in the 1963 RockColor Chart, prepared by the Rock-Color Chart Committee of the Geological Society of America; the bedding terms used follow those suggested
by the United States Geological Survey;

other terms used in the descrip-

tion of the rocks are terms that are in the common vocabulary of carbonate sedimentary geologists.

The written description is somewhat

different from most written geologic descriptions in that it describes
first the bottom-most beds rather than beginning with the upper-most
and working down.

This is simply the author's preferred convention,

believing that this procedure more faithfully follows the order of
deposition of the various beds and is, therefore, depositionally more
correct.
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SECTION I
Van Zee New Durham Quarry
Marion County, Iowa
Location:
SW ~,Sec. 4, T. 75 N., R. 18 W.; the quarry is northeast of Harvey
and south of Pella, Iowa; entrance to quarry on a county road; the
section measured is on the south side of the south pit in the quarry.
Elevation:
Approximately 697.5 feet at base of section measured.
Miscellaneous:
This section contains only St. Louis and Ste. Genevieve (or Pella)
formations and was proposed in 1969 by Johnson and Vondra as a type
section of the Pella Formation.
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Section I, Van Zee New Durham Quarry, Marion County, Iowa.
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I.

Van Zee New Durham Quarry (south side of south pit)
A.

St. Louis Formation
Thickness (ft.)
1.

Argillaceous micrite, gray, bedding
indistinguishable, possible limestoneshale repetition below this unit .•...••••.•..•• 1.25

2.

Shale, grayish green, very thin-bedding •••.•••• 0.7

3.

Intramicrite, light brown, approximately
6 inch bedding, intraclast near top of
unit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.25 to 0.4

4.

Calcareous shale, greenish gray, very
thin-bedding ••••••.••..••••.••••••••••••••••••• 1.2

5.

Biopelmicrite, brownish gray, massive ••••••.• 0.8 to 1.25

6.

Calcareous silty shale, dark gray, thinbedding, pinches out to east •••••••••••.•.••••• 0 to 1
Disconformity (local and undulating)

B.

Ste. Genevieve Formation (= Pella Formation)
1.

Sandy (quartz) shale, slightly calcareous, black, slabby, medium-bedding •••••..•••.. 0.75

2.

Micrite, brownish, massive, well-fractured •••.•• 2.5

3.

Pelmicrite, sparry, very dismicritic,
brownish gray, massive, considerably
more resistent than underlying units,
forms roof of quarry drift .•.•.•••.•.••.•••.••. 2

4.

Biomicrite with shale seams between
beds, dark gray, thin to medium-bedding,
slabby to flaggy ••.•.••••••.••.••.•••••.•• 6 (approx.)

5.

Biosparite, light brown, bedding probably thick . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 3

6.

Cover . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . 3

7.

Biomicrudite, brown, thin-bedded, soft,
easily susceptible to weathering, contains pyrite, brachiopods, corals,
pelecypods, trilobites •••••••••••••••••••.•••.• 2.5
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Thickness (ft.)
8.

Cover . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 10 (a p p r ox . )

9.

Argillaceous biomicrite, greenish gray,
very thin-bedding • • . • • • . • • . . • • . • • . • • . • . • .

5 (approx.)

Disconformity (7)
C.

Pennsylvanian Overburden
1.

Weathered zone (possible weathering into
unit B9), light gray ••••••••••••.••.•••• ••• 3 (average)

2.

Conglomerate, well-weathered 9 reddish
bro-wn . • • • • • • • • • • . • • • . • • • • . • • • • • • • • • • • • • • • • 4 (a pprox. )

~10

Plate 4.

Section I, south end of south pit of
the Van Zee New Durham Quarry, south
of Pella, Marion County, Iowa. Note
shack in foreground for scale.
faces north.

Bluff
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SECTION I*
Van Zee New Durham Quarry
Marion County, Iowa
Location:
SE ~' Sec. 4, T. 75 N., R. 18 W.; the quarry is northeast of Harvey
and south or Pella, Iowa; entrance to quarry on county road; the
section measured is on the north side of the south pit in the quarry.
Elevation:
Approximately 706.2 feet at base of section measured.
Miscellaneous:
This section is only approximately 600 feet north of Section I
and is located on the opposite wall of the same pit as that secIt is included to demonstrate the great variability of the
tion.
carbonate rocks involved even over short distances. This fact was
often vividly made obvious to the author by walking several miles
I-55 road cuts in and
along continuous highway or railroad cuts.
south of St. Louis provide. an excellent example of this lateral
variation. Note the presence of red chert in Section I* that was
not present in Section I.
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Section I*, Van Zee New Durham Quarry, Marion County, Iowa.
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I*.

Van Zee New Durham Quarry (north side of south pit)
A.

Ste. Genevieve Formation (= Pella Formation)
Thickness (ft.)
1.

Intrasparite, light brown, medium-bedding .•• 1.5

2.

Intramicrite, brown, bedding unknown,
mostly covered with talus, looks conglomeratic, top eroded •••.................•• 2.5
Disconformi ty

3.

Limestone conglomerate with argillaceous
matrix, top well-eroded ................... 0 to 2
Disconformity

4.

Intraclastic to conglomeratic sparite ••. 0.5 to 0.8

5.

Micrite with chert; micrite light
brown, chert red, nodular ••........••.• 0.25(average)

6.

Shale, greenish gray, thin-bedding •.....•..• 1.5

7.

Silty micrite, reedish to grayish
brown, medium-bedding ••................. 0.25 to 0.75

8.

Cover, probably shale or shaly material •.... 2

9.

Micrite, light brown, massive ............... 1.3

10.

Calcareous shale, greenish brown, very
thin-bedding • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 1

11.

Biomicrite with shale seams between beds,
medium-bedding . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. 5

12.

Shale, black and green, very
thin-bedding .•.................•..•••.••• 4(average)

13 •

Cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 4 (average)

14.

Biosparite, gray . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

15.

Micrite, some spar, possibly dismicrite,
light gray • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . o.5
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Thickness (ft.)
16.

Micrite with shale seams between beds,
light gray, thin-bedding, s1abby ••••••••• 4.5 (approx.)

17.

Biomicrite, light gray, bedding indistinguishable ••••.••••••••••.••••••••••••••••• 1.5
Disconformity

B.

Pennsylvanian Overburden •••••••••••••••••••••••••• ?

~15

Plate 5.

Section I*, north end of south pit of
the Van Zee New Durham Quarry, sou th
of Pella, Marion County, Iowa.
faces south.

Bluff
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SECTION II
Hawkeye Quarry
Henry County, Iowa
Location:
NE-t, Sec. 28, T. 70 N., R. 6 E. (projected); the quarry is east
of U.S. Hwy. 218 and south of the Skunk River; the entrance to the
quarry is on a county road; the section measured is on the east
end of the pit and the upper two ledges.
Elevation:
Approximately 640 feet at base of lower ledge, or at the base of
unit A2.
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II.

Hawkeye Quarry
Thickness (ft.)
A.

St. Louis Formation
1.

Micrite breccia with chert nodules,
quarry ledge floor ••••••••••••••••••••••••••••• ?

2.

Shale, green .••••••••••••••••••••••••••••••••••• 0.75
Disconformity

3.

Micrite, light brown, bottom 0.25, grading
upward into breccia, dark brown •••••••••••••••• 1
Disconformi ty

4.

Micrite, light brown, medium-bedding

5.

Micrite (lithographic limestone, brown,
very fine grained, single bed •••••••••••••••••• 1.25

6.

Pelmicrite (?), grayish brown, medium
to thick-bedding ••••••••••••••••·•••••••••••••• 2.2

7.

Biomicrite, grayish brown •••••••••••••••••••••• 0. 3

8.

Argillaceous micrite interbedded with
green shale •••••••••••••••••••••••••••••·• 0.1 to 0.3

2.5 (average)

Disconformity
B.

St. Louis-Ste. Genevieve Transition Zone.
1.

Micrite grading locally to argillaceous
micrite, light gray, medium-bedding •..••• 7 (approx.)

2.

Bio (?) diamicrite, light green, argillaceous, laminated, thin to mediumbedding •••.•••••..••••••••••••••••••.•••• 3 (approx.)

3.

Argillaceous micrite, gray, pyritic,
medium to thin-bedding, flaggy to slabby,
often laminated ••.••••••••••••••••••••••••••••• 3

4.

Biopelsparite, light gray, oolitic,
massive ...••••.•••.••..•...•.....•..•.... • .. · . · 0.5
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Thickness (ft.)
5.

Sandy (quartz) biosparite, white,
Bellerophon, brachiopods, well fractured,
bedding not pronounced ••.•••••••••••••••••••• 2.7

6.

Sandy sparite, reddish brownish gray,
pyritic, stylolites, recrystallization,
well inundated, pebbles, crinoid debris • 3 (approx.)
Disconformi ty

c.

Pleistocene
1.

Till ......•.•• ••••• .•......................... 1

2.

Loess ••••••••••••••••••••••••••••••••••••••••• ?
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Plate 6 .

Section II, Hawkeye Quarry, Henry County,
Iowa .

Note large amount of overburden.

Upper two ledges measured .
north .

Bluff faces
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SECTION III

Abandoned Quarry near West Point,
Lee County, Iowa
Location:
E ~' Sec. 34, T. 69 N., R. 5 E. (projected); quarry is located
northeast of West Point, Iowa; entrance off of county road; the
section measured is on the west end of the upper ledge.
Elevation:
Approximately 553 feet at base of section measured.
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III.

Abandoned Quarry (near West Point, Iowa)
A.

St. Louis Formation
Thickness (ft.)
1.

Breccia, mostly covered •••••••••••.•••.••.•••••• ?

2•

Cover . . • . . . . . • . • . . . • . • • • . . . . . . • . . • • . • • • . . . . . . . . . 5

3.

Micr.ite, brown, grades upward into sandy
sparite, locally brecciated •••••••••••••••••••·• 1.2
Disconformi ty

B.

4.

Micrite, light brown, massive •••••••••••••••• 0.6 to 1

5.

Argillaceous biomicrite, light gray,
very thin-bedding ••••••••••••••••••••••••••••••• 0.25

6.

Fossiliferous micrite, light brown, massive

1

St. Louis"'Ste. Genevieve Transition Zone
1.

Intramicrite at bottom grading upward
into a sandy oosparite at top, brown to
light brown, massive ....•....•.......•.......... 1.5

2.

Grades between sandy calcarenite and
calcareous sandstone, light gray, mediumbedding, small scale cross-bedding, micrite breccia near top of unit ••••••••••••••••••• 5

3.

Shale, green, very thin-bedding •••.••••••.•••••• 0.5

4.

Micrite, light brown, thin-bedding ··•·•••••••••• 1.2

5.

Sandy oosparite, gray, crypto-algallamina ted, single bed • • • • • • • • . • • • • • • • • • • • • • • • • • • 2

6.

Sandy oosparite, very light brownish
gray, medium-bedded, strongly cross-bedded ••• 10 (approx.)

7.

Sandy oosparite, gray, single· bed •••••••••••• 3 (approx.)

B.

Orthoquartzite with calcitic cement,
light gray to white, single bed, very
resistent ••••••••••••••••••••••••••••·•·•••••••• 1.5
Disconformity

c.

Pleistocene
1.

Till ••••••••••••••••••••••••••••••••••••••••• 12 to 15

U4

Plate 7.

Section III, Abandoned Quarry near West Point,
Lee County, Iowa.
faces east.

Note cross-bedding.

Bluff
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SECTION IV
Baker's Quarry
Clark County, Missouri
Location:
SW ~' NW ~' Sec. 16, T. 65 N., R. 7 W.; the quarry is located 5
miles northeast of Kahoka, Missouri; entrance to quarry is on a
county road; the section measured is on the south end of the
upper ledge.
Elevation:
Approximately 640 feet at base of section measured.
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IV.

Baker's Quarry (east of Kahoka,

Missouri)
Thickness (ft.)

A.

St. Louis-Ste. Genevieve Transition Zone
1.

Fossiliferous Micrite, grownish gray,
stylolites, discontinuous, gray, argillaceous, lower beds sparry, massive •••••••••••• 5.75

2.

Silty to sandy calcarenite, white, thick
to medium-bedding, slabby, relic crossbedding ••••••••.••••••••••••••••.••••••••. 5 (approx.)

3.

Micrite, light brownish gray, mediumbedding, flaggy to slabby •••••••••••••••••••••• 4.75

4.

Micrite (lithographic limestone), light
green, argillaceous, thin to mediumbedding .•..•.•................................. 3.5

5.

Micrite with large massive red chert
nodules up to 2 feet in diameter ••••••••••••••• 3
Disconformity

B.

Pleistocene
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Plate 8 .

Section IV, Bakers Quarry northeast of
Kahoka, Clark County, Missouri.
ledge facing north .
in upper most bed.

Upper

Note dark chert nodules

129
SECTION V
Kaser Company Quarry
Scotland County, Missouri
Location:
SW ~' SE ~' Sec. 22, T. 64 N., R. 12 W.; the quarry is approximately
11 miles south of Memphis, Missouri and west of Mo. Hwy. 15 near
the intersection of Mo. Hwy. 15 and County Hwy. W; the entrance
to the quarry is off of Mo. Hwy. 15; the section measured is on
the west end of the upper ledge.
Elevation:
Approximately 643 feet at base of section measured.
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V.

Kaser Company Quarry (south of Memphis, Missouri)
Thickness (ft.)
A.

St. Louis Formation
1.

Interbedded shale and limestone, brown
and greenish gray, mostly talus-covered .•.• 1 (1.5 min.)
Disconformi ty

B.

2.

Intramicrite, light gray •••.•.••.••.•• .••••••••• 0.6

3.

Micrite with some spar, brownish gray ••••..•.... 1

St. Louis-Ste. Genevieve Transition Zone
1.

Biomicrite, light brown, contains small
pieces of intraclastic micrite as breccia,
mass i ve

• • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3 •2

2.

Intramicrite, contrasting dark and light
gray, thin to very thin-bedding •••••••••••••• ••· 0.3

3.

Micrite, brownish ••.••••••••••• •.•••.•••••••• ••• 0.3

4.

Micrite, light brown ••.••••••••••• ••••••••..••.• 0.7

5.

Micrite, very light, almost white, massive,
spar locally ..........•... •............. ........ 3.5

6.

Biomicrite, brownish gray ••••••.••••••• ••••••••• 0.8

7.

Oomicritic grading upward into micrite,
purplish gray .........••..• ...•..•....... ....... 0.3

8.

Clastics (sandstone, siltstone, and
shale) varying laterally, brown .••.•••.••.••• •.• 0.2

9.

Silty micrite, light brown, mediumbedding ....•..•....• ..•........... •...•......... 1.4

10.

Intraclastic micrite, possibly silty,
bro'Wil ••••••••.••••• •••••••••••••• •••••••••• • • • • • 1 • 9

11.

Intraclastic micrite, brown .••••••••••••• .•••••. 1.2
Disconformi ty

c.

Pleistocene
1.

Loess •••••••••••••• •••••••••••••• ••••••••••••• 30 to 35
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Plate 9.

Section V, Kaser Co. Quarry south of Memphis,
Scotland County, Missouri.
facing east.

Upper ledge
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SECTION VI
Outcrops Along Mississippi River South of Dogtown Hollow,
Calhoun County, Illinois
Location:
NE corner of SE ~'NEt, Sec. 31, T. 12 s., R. 2 W.; bluffs southwest of Batchtown, Illinois; access to Calhoun County can usually
be obtained at the ferry across the Mississippi River south of
Golden Eagle, Illinois, or across the Illinois River six miles
west of Grafton, Illinois; the section measured is approximately
1000 feet south of where the pipeline crosses the Mississippi
River.
Elevation:
Approximately 430 feet at base of section measured.
Miscellaneous:
This section is usually accessible, however, the base of the section
is around 6 to 10 feet above the Mississippi River during normal
staging.
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Section VI, Outcrops along Mississippi River south of Dogtown
Hollow, Calhoun County, Illinois.
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VI.

Outcrops on Mississippi River, Calhoun, County, Illinois
Thickness (ft.)
A.

St. Louis Formation

1.

Micrite, brown, massive, partially
recrystallized •.••.••••••••••••.•••••••••.•••.•. 2
Disconformity

2.

Micrite, brecciated in shale matrix •••••••••• 0 to 1.6
Disconformity

B.

3.

Micrite, brown, locally brecciated,
bedding not distinct •••••.••••.•••••••••••••• 8 to 8.5

4.

Micrite, light brown, single bed ••••••••••••••• 0.4

5.

Cover •••••••••••••••••••••••••••••••••••••• 25 (approx.)

6.

Micrite, brecciated, light grayish
brown and deep purple, thin to thickbedding . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 4.6

7.

Micrite, brown, thin-bedding

B.

Biomicrudite, grayish brown, mediumbedding, contains crinoid debris and
brachiopods (Rhynchonella) •.•••••.•••••••••••••• 3

9.

Biomicrite, brownish gray, massive,
crinoids . . . • . . . . • . . • • • • • . . • • . . . . . • . . . • . . . . . . . . . . 0. 2

10.

Biopelmicrite, light brownish gray to
almost white, thin-to medium-bedding
near bottom, may show some obscure
cross-bedding near top ••••••••••••••••••.••••.•• 7.2

11.

Micrite, brown, massive ••••••.•••••••••••••••••• 4.7

2

St. Louis-Ste. Genevieve Transition Zone
1.

Biopelmicrite, light brown, mediumbedding, small brown to brownish red
chert begins appearing near top of bed •••••••.•• 3.4

2.

Micrite, light brown, thin-bedding,
brown to brownish red irregular chert
throughout unit, size varies from
0.16'' to 0.5' ...•...... ••••••• ..•..•..•......•.. 1.9
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Thickness (ft.)
3.

Micrite, light brown, massive, small
irregular chert nodules on bottom of
unit, contains Bellerophon •••••••••••••••••••• 1.8

4.

Calcareous shale, greenish gray, laminated, contains considerable fossil
debris ..•.•.••.•.•.•..•..• .•.•.•.....•........ 0. 7

5.

Biomicrite, light brown, massive,
contains Be llerophon • • • • • • • • • • • • • • • • • . • • • . • . . • 0. 9

6.

Biomicrudite, light brown, mediumbedding, thinner bedding towards top,
contains Bellerophon and brachiopods •••••••••. 3.1

7.

Biomicrite, light brown, massive,
considerable crinoid debris ••••••••••••.••••.• 1.4

B.

Biomicrite, light brown, massive ···••••••••••• 1.2
Disconformity

C.

Pennsylvanian . . . . • • . . • • • • . . . . . . • . . . • . • . • . . . • • . • . . . 1

Disconformity
D.

Pleistocene
l .

Loess • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • . • • . • • . 1
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-Plate 10 .

Section VI, Bluffs along the Mississippi River,
Calhoun County, Illinois.

Bluffs face west .

Shown are the lower beds and a large amount of
cover; more exposures are present above the cover
which can be vaguely made out through the trees.
Note rock hammer for scale.
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SECTION VII
Outcrops Along Mississippi River at Alton,
Madison County, Illinois
Location:
SW ~' SW ~' Sec. 11, T. 5 N., R. 10 W.; bluff located on McAdams
Parkway one mile northwest of Clark Bridge over the Mississippi
River; bluffs can be seen from bridge immediately west of grain
elevators.
Elevation:
Approximately 440 feet at base of measured section.
Miscellaneous:
This is the only section that contains both the St. Louis and the
Ste. Genevieve formations as well as the transition zone between
the two formations. It is also at this location that a "transition zone" between the two formations was first suggested by
Collinson in 1954. The section is well exposed and easily accessible, and would make an excellent type section for the transition
zone if it were to be accepted with member status. (See Chapter V.)
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Section VII, Outcrops along Mississippi River at Alton,
Madison County, Illinois
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VII.

Alton (after Collinson, A.A.P.G. Field Conference, April, 1954)
Thickness (ft.)
A.

St. Louis Formation
1.

"Main breccia," limestone breccia,
angular pebbles and boulders of lithographic to pseudo-oolitic limestone
in somewhat silty calcarenite or clear
calcite matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

(Units Al and A2 apparently vary considerably in thickness,
though this variation may be in part due to correlation difficulties between brecciated and unbrecciated portions of the
same beds.)
2.

"Upper breccia," limestone, much lataral variation, lithographic to detrital, partly fossiliferous, partly
cross-bedded, partly evenly bedded,
partly brecciated •••••••••••••••••••••••••••. 7

3.

Limestone, very silty and argillaceous,
very fossiliferous •••••••••••••••·••••••••••• 2

4.

Limestone, !sightly silty, thin-bedding,
lithographic to fossiliferous, purest
toward base .................................. 10.5
'

5.

"Pseudo-concration bed," limestone,
shaly and silty, with numerous large
oval 6 inch to 3 foot silty dolomite
pseudo-concretions ••••••••••.••.•.••••••••••• 3

6.

Limestone, slightly silty, lithographic to calcarenitic •.••••••••••••••••...••• 6 to 7

7.

"Dark band," dolomite, silty, very
finely crystalline, medium brownish
gray, pseudo-concretionary •••••••••••••••••• 0 to 2

8.

Limestone, silty, thin-bedding, lithographic to fine with some coarse fossil
streaks ....••.......••......•............... 12.5

9.

"Five inch bed," limestone layer between two well-marked shale partings •.•.••••. 0.5

10.

Limestone, slightly silty, thinbedding, lithographic. to fine with
some coarse fossil streaks, purer and
thicker bedded at top just below
middle, more shale streaks just above
middle and toward base ••••••••••••••••••••••• 8.5
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Thickness (ft.)
B.

C.

St. Louis/Ste. Genevieve Transition Zone
1.

Limestone, very silty, grading downward to prominent shale break •.•••••••••••••• 0.5

2.

"Two beds," limestone, two wellmarked beds, lithographic at top
to fine with some coarse fossil debris,
slight shale parting at base ••••••••••••••••• 3

3.

"Lower oolite," limestone, slightly
silty, ranges from fine calcarenite
to very slightly sandy medium crossbedded oolite, thin, smooth shale
parting at base •••••••••••••••••••• ••••••• 1.5 to 9

4.

"Bryozoan beds and chert marker,"
limestone, pure except for basal
cherty zone, fine to lithographic with
thin bands of fossils, especially
bryozoa, thin-bedding •••••••••••••••••••• •• 10 to 16

5.

"Little white bed," limestone, pure,
"curdy" lithographic to pseudo-oolitic

0 to 1. 5

6.

"Algal conglomerate," limestone, partly
silty and sandy near bedding planes
but pure within beds, fine to oolitic
with algal colonies ••••••••••••••••••· •····· 2 to 6

7.

"Chevron bed," limestone, oolitic,
pure to extremely sandy, cross-bedded
in thin units, algal colonies toward
base, locally prominent shale parting
at base but elsewhere the contact is
gradational •••••••••••••••••••• ••••••••••• 1.5 to 7

8.

"White bed," limestone, pure, "curdy"
lithographic to pseudo-oolitic, sparingly fossiliferous, basal contact
varies from irregular with no shale
to smooth with 0.5 inch shale ••••••••••••• 1.5 to 6

Ste. Genevieve Formation
1.

"Sandy oolite," limestone, coarsely
oolitic, sandy, cross-bedded .••••••••••••••• 0 to 18

2.

Limestone, thin-bedding, shaly to
silty, may be slightly sandy •••••••.•••••••• 1 to 15
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Thickness (ft.)

D.

3.

Limestone, extremely variable, sparingly
cross-bedded within one or two onefoot beds, partly algal, partly calcarenitic, apparently partly oolitic .••.•• 5 to 20

4.

Limestone, shaly, or shale .••••••••••••• •• 0 to 2

5.

Limestone, apparently algal •••••••••••••• .••• 5

Pleistocene
1.

Loess • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • 1
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Plate 11.

Section VII, Bluff along Mississippi
River at Alton, Madison County, Illinois.
Note cross-bedding in upper beds.
Bluff faces south.

Note car for scale.
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SECTION VIII
Missouri Portland Cement Company Quarry at Ft. Bellefonta ine,
St. Louis County, Missouri
Location:
NE ~' NW ~' Sec. 9, T. 47 N. R. 7 E.; the quarry is at the junction
of U.S. Hwy. 67 and the Missouri River with the entrance into the
quarry east of the highway is immediatel y south of Lewis Bridge.
The section was measured above the upper ledge at the east end
of the pit.
Elevation:
Approxima tely 420 feet at base of section measured.
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Section VIII, Missouri Portland Cement Company Quarry at
Ft. Bellefonta ine, St. Louis County, Missouri.
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VIII.

Missouri Portland Cement Company Quarry (upper ledge)
Thickness (ft.)
A.

B.

St. Louis Formation
1.

Sparry micrite, light brown •••••••••••••• ••••• ?

2.

Micrite to diamicrite, brown, thin to
medium-beddin g, very slabby •••••••••••••• • 18 to 22

3.

Biosparite, light brown, massive ••••••••••••• 2.4

4.

Micrite, light brown, massive, brown
intramicrudite increases in abundance
toward top . . . . • • • . . • . . • . • . • . • • . • . . . . . . . . . . . . . 3. 2

S.

Micritic breccia with fine~grained
matrix, single bed •••••••••••••• ••••••••••••• 0.4

6.

Biomicrite, light brown, thickbedding . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • . . . . . . . 4

7.

Micrite, light brown, massive •••••••••••••• •• 2

St.

Louis~ste.

1.

Silty calcarenite, reddish brown,
single bed ....•...•...• .............. .....•.. 0.5

2.

Silty calcarenite, reddish brown to
gray, mass:ive .•.•..•...... .............. ..... 1.6

3.

Sandy oolitic calcarenite, grayish
to white, large cross-bedding ••••••••••••• 16 to 17

Genevieve Transition Zone

Disconformity
C.

Pleistocene
1.

Loess . . . . . . . • . • . . . . • • . . • . . • . . . . . . . . . . . . . . . . . . ?

Plate 12 .

Section VIII, Missouri Portland Cement
Co. Quarry at Ft. Bellefontaine, St. Louis
County, Missouri.
Note cover.
River.

Bluff faces northeast.

Quarry south of Missouri
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SECTION IX
Eyermann Quarry
St. Louis, Missouri
Location:
NE ~' NW ~' Sec. 9, T. 44 N., R. 7 E. (projected); the quarry is
in St. Louis and is seven blocks north of I-55 from the Virginia
Avenue Exit; the entrance to the quarry is off of Virginia Avenue
between Eichelberger and Delor streets; the section measured is on
the south side of the quarry.
Elevation:
Approximately 425 feet at base of section measured, floor of
quarry.
Miscellaneous :
This quarry has been abandoned for some time but has recently been
obtained by Anheuser-Busc h, Inc. and will be used as a sanitary
land fill for the disposal of crushed beer cans.
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Section IX, Eyermann Quarry, St. Louis, Missouri.
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IX.

Eyermann Quarry (St. Louis, Missouri)
Thickness (ft.)
A.

B.

St. Louis Formation
1.

Micrite, brown, slabby •••••••••••••• •••••••• 4.8 to 5

2.

Micrite, brown, thin-bedding •••••••••••••• ••••• 1.7

3.

Shale, gray, very fossiliferous

4.

Microsparite, brown, single bed

5.

Micrite, brown, single bed

6.

Biomicrite, brownish gray, ~ssive,
possibly contains sa.e sand •••••••••••••• •••••• 2.1

7.

Microsparite, light brown, single bed

B.

Intraclastic coarse-grained micrite,
brownish gray, single bed •••••••••••••• •••••••• 0.5

9.

Coarse-Brained micrite, light brown,
single bed ••••••••••••• ••••••••••••• •••••••···· 1

................ 0.15
............... . 0.4

.....................

2.5

......... . 0.5

"Transition·li ke" Limestone
1.

Biocalcarenit e, light brown, relic
cross-bedding

2.

··············· ·········••o• ••····

3

Biocalcarenit e, white, variable to
lithographic, contains small pieces of
brown chert •......•.•••• •.•••......... ......... 3. 2

3.
C.

Chert bed, reddish brown •.•••••••••••• ••••••••• 1

"St. Louis-like" Limestone
1.

Micrite (lithographic limestone),
white, light brown to light gray,
contains chert, crinoid debris, pyrite,
local sparite zone 4 inches below top,
slabby, wavy surface, thin-bedding,
stylolites ••••••••••••• •••.••••.••••• .•••••••• 18.8

2.

Biosparudite, light gray, single bed,
stylolites •••••••••••••• •••••••••••·•• ••••••••• 1

3.

Calcareous shale, green, single bed with
laminae, very much fossil debris •••••••••••••• • 0.5
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Thickness (ft.)
4.

Micrite (lithographic limestone), light
brownish gray, possibly dolomitic, upper
half may be brecciated, fossil debris,
thick-bedding ••••••••••·••••••••• •••••••••••••• 2

5.

Dolomitic calcarenite, brown to dark
brown, fossiliferous shale parting,
medium-bedding . . • • • • • • • . . . . . . . . . . . . . . . . . . . . . . . • 2. 4

Algal balls found in shale parting in bedding plane
6.
D.

E.

Sandy micrite, coarse-grained, brown to
dark brown, thick-bedding ••••••••••••••••••••• • 3

"Transition-like" Limestone

...................

1.2

1.

Micrite, brown, thin-bedding

2.

Sandy and silty oosparite, light brownish
gray, strong cross-beds ••••••••••••••••••• 9 (approx.)

"St. Louis-like" Limestone
1.

Micrite (lithographic limestone), brown,
single bed . • . . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 5

2.

Coarse-grained, oolitic micrite, locally
sparry, poorly defined bedding, stylo1 i te s

• • . . • • . . • • • . . . . • . • • • •• • • • • •• •• . . • . • . . . . . • • 2•5

3.

Coarse-grained micrite, gray, thin-bedding ••••• 2

4.

Biosparite in micrite, fossil debris ••••••••••• 1.5
Disconformity

F.

Pleistocene
1.

Loess •••••••••••••••••••• •••••••••••••••••• 12 to 15

·Plate 13.

Section IX, Eyermann Quarry in St. Louis,
St. Louis County, Missouri.
left for scale .

Stairs on

Quarry presently abandoned

but will be used as a sanitary land fill.
Bluffs face south and west.
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SECTION X
Interstate 55 (I-55) Road Cut
South St. Louis County, Missouri
Location:
SW ~' SE ~' Sec. 8, T. 43 N., R. 6 E.; road cut along I-55 south
of St. Louis, Missouri, between the Butler Hill Road and the
Meramec Bottom Road exits; the composite section extends 1.5
miles along I-55 on the east side of the roadway.
Elevation:
Approximately 426 feet at base of section measured which is at the
base of the south end of composite section.
Miscellaneous:
This section is a composite section and was measured in two parts.
The upper part of the section (Station 1, see Figure 1, Plate 14)
was measured along the northernmost end of the road cut immediately
south of the Butler Hill Road exit. This upper part of the section is separated from the southern part of the section (Station 2,
partly shown in Figure 2, Plate 14) by a deep erosional valley;
approximately 1000 feet of separation between Station 1 and
Station 2. Station 2 is the largest portion of the composite
and includes 35.6 feet of the Salem Formation under the St. Louis
Formation.
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X.

I-55 Road Cut (south St. Louis County, Missouri)
Thickness (ft.)
A.

Salem Formation
l.

Biocalcarenite, light gray, thin to mediumbedding, 1 inch chert nodule layer, weathers orange on surface, 2 inch limestone
bed 1.5 feet above base ••••••••••••••••••••••···· 4.6

2.

Biocalcarenite, light tan, single-unit
except.for thin beds at base, laminated
and cross-laminated, chert nodules,
bullseye at base and middle, laminae
can be traced from limestone into chert,
chert makes good marker •••••••••••••••••••••••••• 4.0

3.

Calcarenite, light tan, numerous siliceous limestone bands and light orangebrown chert nodule layers, chert conspicuously preserves laminae of the
limestone, some thin shale partings,
break at base, bed truncated against unit
A2 •••••••••••••••••••••••••••••••••••••••••• 3.3 (max.)

Corrosion surface
4.

Biosparite, generally buff weathering,
white, laminae, chert at base, shale at
top and bottom •••••••••••••••••••••••••••••• 1.0 to 2.1

5.

Dolomite, dull smokey gray, single bed,
argillaceous •••••••••••••••••••••••••••••••• 1.0 to 2.0

6.

Biocalcarenite, gray but mostly shows
buff weathered color, speckled with crinoid columnals except in upper part
which is fine-grained, massive to thickbedding as shown, channel cut into top •••••• 8.5 to 9.5
Channeled surface

7.

B.

Dolomite, tan, two units with lower unit
having additional bedding, shale locally
between beds, cave at top, forms distinct
recessive unit •·•••••••••••••••••••••••••••• 7.5 to 10.5

St. Louis Formation
l.

Micrite, sublithographic to lithographic,
light to very light gray, medium-bedding,
uneven top •...•.••.•..•........ • • · · ... • • · • • • 2.0 to 2.3
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Thickness (ft.)
2.

Dolomite, steel gray, shale at top, base
locally brecciated •••••••••••••••••••• ••••••••••• 1.0

3.

Micrite with shale partings; lower limestone,
light gray with light buff to light gray
sublithographic to lithographic, uneven
bedding, locally brecciated; upper limestone, blue-gray, coarse-grained w th
limestone breccia fragments, locally all
breccia, shale at top with paper thinbedding •••••••••••••••••••• ••••••••••••••••• 1.6 to 2.2

4.

Biocalcarenite, light gray, coarse-grained,
upper few feet a little finer and crinoid
debris gives speckled appearance, thickbedding, several paper thin shale partings
but not persistent, one 0.3 foot shale
bed in lower part, algal (?) laminae
2.5 feet below top (0.4 to 0.6 feet
thick), cross-bedded (dips to north) •••••••••••• 12.4

5.

Shale, dark gray, thin, platy, grades
into overlying dolomite •••••••••••••••••••• •••••• 0.3

6.

Dolomite, tan, medium-grained, argillaceous at base, conspicuous marker on both
sides of I-55 at north end of cut •••••••••.•••••• 3.5

7.

Biocalcarenite, light gray, mediumgrained, speckled by crinoid columnals,
pyritic, indications of cross-bedding,
top 0.1 to 0.2 foot dolomitic limestone,
tan, Syringopora at base •••••••••••••••••••• ••••• 3.2

8.

Biocalcarenite, tan, thin-bedding, mediumgrained . •••*••. ••• •••••• ••••••••••••••••••••• •••• 0.3

9.

Limestone, dolomitic limestone at top and
bottom, tan, Spongiostromata on dolomitic
part which appears as a distinct mottled
surface ...••••••...•...•.. .......•............. .. 1.3

10.

Limestone, slightly dolomitic, light
brown, medium-grained, very vuggy, grades
to limestone laterally •·•••••••••••••••••• ••••••• 1.3

11.

Biocalcarenite, gray, coarser at base
than top, laminated (due to algae ?)
where we 11 weathered •••••••••••••••••••• • • • ••••• • 2.1
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Thickness (ft.)
12.

Biocalcarenite, gray, long flat chert
nodules, yellow-white, with black areas,
some enclose limestone ......••..........•.• •...•.... 2.0

13.

Limestone, dolomitic, yellow-gray, very
irregular layers, basal layers finegrained, algal (?), one or more quartz
chert layers • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • . 2. 0

14.

Micrite, light gray lithographic, algal
structure (LLH-S) at top . • . . . . . . . . . . . . . . . . . . . . . . . . • . 0.9

15.

Micrite with local biomicrite layers,
light gray, breccia at base, microbreccia
a 11 the way to top • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • 1. 4

16.

Micrite, lithographic, gray, weathers

light gray······················~··················· 4.1
17.

C.

Micrite, dolomitic (?), with mottling of
light gray limestone, light brown, shale,
yellow-gray at base, similar to unit BlO .•...•..•.•• 1.3

St. Louis-Ste. Genevieve Transition Zone
1.

Bio- and oo-sparite and some biomicrite,
very light gray, massive bedding, weathered surface has light brown ~ to
~ inch calcareous knobs, crinoid and
bryozoa debris on bedding planes, Composita
and ltthostrotionoid at top . . . . . . . . . . . . • • • . . . . • . . . . 6.0

2.

Limestone, slightly dolomitic, similar to
unit BlO, brown, crumbly, recessive weathering,
worm(?) tubes in upper part . • . . . . . . . . . . . . . . . . . . . • . 6.0

3.

Bio- and oo-sparite, light gray, medium
but variable bedding, irregular thin
tripolitic chert in lower half, echinoids, lithostrotionoid . • . . . . . . . . . . . . . . . . . . . . . . . . . . . 6.7

4.

Micrite, dolomitic, light brown, finegrained, small horn corals, lithostrotionoid, crinoid debris, chert at base .............• 1.5

5.

Bio- and oo-sparite, very light gray,
irregular chert masses and siliceous
limestone, abundant echoinoid debris .•............•. 1.6
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Thickness {ft.)

D.

6.

Bio- and oo-sparite, similar to C5, very
light gray, irregular chert masses and
siliceous limestone, abundant echonoid
debris, lithostrotionoids •••••••••••••••••••••••• 2.0

7.

Bio- and oo-sparite, similar to C5, very
light gray, irregular chert masses,
Camarotoechia ••••••••••••••••••••••••••••••• 2.9 (min.)

B.

Cover, valley .....•.•..•.... •••••••• ........ . 3 to 5 {?)

9.

Micrite, lithographic, tan but weathers
nearly white, some breccia 3 feet above
ditch, top 0.3 feet is oolitic and
brachiopodal, thick-bedding, beds have
numerous Cleiothyridina ••••••••••••••••••••••••••. 9.3

.....................

10.

Shale, green, looks like ash

11.

Micrite, tan, upper part has fine breccia,
large spar between breccia fragments ••••••••••••• 1.8

12.

Limestone and shale, upper limestone has
fucoidal {?) structure ••••••••••••••••••••••••••• 0.4

13.

Biosparite, gray, massive, cross-bedded,
Lithostrotionella in lower part, forms
a "speckled" calcarenite ••••••••••••••••••••••••• 5.5

14.

Biosparite, gray, massive, cross-bedded,
"globby" micrite areas near top ••••••••••·••••••• 4.5

15.

Micrite, light purplish gray, fine-grained,
fossil fragments in fine-grained matrix,
thick-bedded ••••••••·•••••••••••••••••••••••••••• 3.5

16.

Argillaceous limestone, light gray with
yellow buff, contains brachiopods, units
are vertically gradational, thin-bedding
{1 to 2 inches), alternate layers of
little and abundant debris ••••••••••••••••••••••• 8.8

0.3

Residuum
1.

Cherts containing lithostrotionoids and
Syringopora ••••••••••••••••••••••••·•••••········ ?
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Explanation of Plate 14

Section X, I-55 road cut, south St. Louis County,
Missouri.

Fig. 1.

Bluffs face west.

Shows north end of road cut.

A deep

erosional valley exists between Fig. 1
and Fig. 2.

Fig. 2.

Shows south end of road cut.

The

Salem Formation is not shown in these
photographs, but is exposed further to
the south in this same road cut.
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Fig. 1

i'ig. 2

Plate 14
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SECTION XI
Little Rock Cement Quarry
Ste. Genevieve County, Missouri
Location:
NE ~' NE ~' Sec. 17, T. 38 N., R. 9 E.; the quarry is 5 miles
northwest of Ste. Genevieve, Missouri, near a ferry crossing;
composite section measured extends approximately 600 feet along
west side of railroad tracks in quarry.
Elevation:
Approximately 385 feet at base of section measured which is at the
base of the north end of composite section.
Miscellaneous:
This section is a composite section and was measured in two parts.
The lower part of the section (Station 1, see Figure 1, Plate 15)
was measured along the northernmost end of the exposed bluffs.
This lower part of the section is separated from the southern
part of the section (Station 2, see Figure 2, Plate 15) by
approximately 600 feet. This section contains only St. Louis and
Ste. Genevieve formations and was in the geueral vicinity of the
Ste. Genevieve Type Section originally described by Shumard in
1855. The Little Rock Quarry was used in Short's 1962 description
of the Ste. Genevieve Fromation at its type locality.
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XI.

.

Little Rock (north of Ste. Genevieve, Missouri
Thickness (ft.)
A.

St. Louis Formation
1.

Micrite, brown to light brown, coarsegrained, massive . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . . ?

2.

Cover, may be argillaceous material ••••••••.••• 1

3.

Biomicrite, light brown, thin to mediumbedding, stylolites, red to black
bedded ans irregular nodular chert in
upper part of bed •••••• , ••• , •••••••••••• , , • 10 to ll

4.

Biomicrite, dark brown, coarse-grained,
spirifers common, massive •••••••••••••••••••••• 2.6

5.

Argillaceous biomicrudite, brown,
bedded to nodular chert, thin-bedding
with laminations ••••••••••••••••••••••••••••••• 4.5

6.

Bio(pel?)micrite, brown to light brown,
coarse-grained, massive

7.

Micrite, light brown, massive

B.

Argillaceous limestone grading to calcareous shale, partly covered •••••••••••••••••• 1

9.

Cover .•••••.•.•••.•...•.•...........••..•.•.... ?

2.5

10.

Micrite, dark brown, massive ••••.••.•••••• 1.0 (min.)

11.

Argillaceous limestone, laminated ••••••••• 1.5 (max.)
Disconformi ty

B.

Ste. Genevieve Formation
1.

Limestone conglomerate with argillaceous matrix • . . . • . . • • . • • • • . . . • . . • . • . . . • . . . 1. 0 (max.)

.................................. . 0.65

2.

Shale, green

3.

Bio- (oo-?) sparite, coarse-grained,
light brown to tan •••.••••••••••••••••••• 10 (approx.)

4.

Oosparite, light brown, strong crossbedding toward southeast •.•••••.•••••••••. 10 (max.)
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Thickness (ft.)

C.

5.

Oosparite, similar to B4, inaccessible,
light grayish brown, strong crossbedding near top of bed, north-south
joint system contains large vertically
oriented chert nodules •••••••••••••••••••· 15 to 20

6.

'sandstone (?), inaccessible, light tan,
some indication of cross-bedding •••••••.. 5 (approx.)

Pleistocene
1.

Loess •••••••••••••••••••• ·•••••••••••••••• 15 to 20

16'i

Explanation of Plate 15

Section XI, Little Rock Quarry along Mississippi
River and north of Ste. Genevieve, Ste. Genevieve
County, Missouri.

Fig. 1.

Bluffs faces east.

North end of quarry and lower part of
the section measured.

Fig. 2.

So~th

end of quarry.

Note cross-bedding

in the Ste. Genevieve Formation.
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